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IX.—.On certain sources of loss of Precious Metal in some 
operations of Assaying. 


By G. H. Maxins. 


In the assay of specimens of alloyed gold, the degree of heat used 
in the first operation, viz., cupellation (when this is carefully 
performed), is usually somewhat varied, according to presupposed 
proportions in the alloy,—for example, a much lower temperature 
being sufficient where the gold is only associated with silver, than 
where it is also mixed with oxidisable metals, which latter have to 
be separated entirely by this first operation. 

About five years since, I chanced to have before me some 200 
assays of gold, wherein the silver also had to be estimated, and in 
which, for other reasons, an extraordinary degree of heat was 
required to be employed; and as I made simultaneously with these, 
several synthetical proofs, I was much struck by the great extent 
of loss of gold and silver; and satisfied that it could not be entirely 
due to what is known amongst assayers as cupel absorption, I 
determined upon examining sume of the contents of an iron flue of 
a cupel furnace, which passed from its hood into a chimney, in 
order to see if gold had been volatilized along with other metals, 
and if so, to what extent. 
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A quantity of apparently carbonaceous matter was therefore 
taken out of it; and as this flue was at the time recently put up 
afresh, I had the means of knowing that it had been used for the 
cupellation of gold assays only. 

Upon examination of this material by the microscope under an 
inch power, it exhibited very distinctly portions of oxide of lead, 
in yellow masses, little nodules of suboxide of copper, minute 
grains of silver, together with portions resembling silver reduced 
from chioride,—the whole mixed with a quantity of carbonized 
matter containing small grains of unburnt fuel. 

From pressure of business at tke time, this material was laid 
aside (after cursory examination sufficient to prove the presence of 
the metals), until it could be completely examined. This was not 
done, however, until after the appearance of some collateral 
matter, communicated to the Society by my late pupil, Mr. 
Napier. 

On further examination, the metallic matters present were 
found to consist of oxide of lead mixed with small portions of 
gold, silver, and oxide of copper; and as my object was only to 
estimate the gold and silver present, I took separate portions, viz., 
two of 50, and two of 100 grains each. They were each treated 
with 400 grains of pure lead, that is to say, with eight times the 
weight of the former two, and four times the latter, each having also 
its own weight of borax added. 

The mixtures were then scorified, and the operation carried to 
its full extent, so as to diminish as much as possible the quantity 
of lead for the subsequent cupel process. 

The process completed, the specimens were poured in a good 
fluid condition; the slag (which was quite free from metallic 
beads) separated ; and the resulting metal next subjected to cupel- 
lation. 

The little buttons so obtained, consisting of pure silver and 
gold, were then weighed, 

From the first two assays (the material operated upon being 
100 grains), the resulting buttons weighed (after compensating 
for silver contained in the lead employed), just ‘089 grain. 

From the second two, upon 200 grains, the buttuns weighed 
"166. If we average these, which are very nearly alike, and calcu- 
late the quantity for 1000 grains, we should have a result of *850 
grain, 

They were next all parted for gold, and the result was °026; 
equal to ‘087 in every 1000 grains. 
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Deducting then the weight of this gold from the weight of the 
compound metal, we fiud the quantity of the precious metals in 
1000 grains to be, 

Gold .. ‘087 

Silver .. °763 
Of course I do not attempt to establish any ratio between 
these quantities and an individual assay ; for although the flue 
whence this material was taken had only been renewed a few 
mouths, yet during that time the fumes of many thousand assays 
had passed through it. But, on the other hand, I would remark, 
that considering that this flue is removed daily when the furnace 
is at work, the proportion which the precious metals bear to the 
whole, is very large indeed. 


I will now call attention to a second cause of loss of gold 
occurring in parting operations, and possibly also in refining upon 
the large scale, viz., the solution of a portion of gold in the nitric 
acid used, although the latter is pure and quite free from hydro- 
chloric acid. 

Berzelius, in speaking of this fact says, “It must not be 
forgotten that if nitric acid contains hydrochloric or nitrous acid, 
it will dissolve gold; in truth, the quantity dissolved is incon- 
siderable in the latter case, but sufficient to lead to an incorrect 
result.” Now, in parting gold by nitric acid, we are generating 
during the operation quantities of nitrous acid, and consequently 
have the conditions present for this loss to take place. 

Some time since, Mr. Field (the Queen’s Assay Master), had 
in his office a pear-shaped bottle, into which nitric acid was con- 
stantly being poured after parting operations: it was thickly 
coated with gold. He showed this to Sir J. Herschell, who 
was then Master of the Mint, asserting that it was deposited from 
an actual solution of the gold, The latter gentleman supposed 
rather that it was a deposit from mechanically suspended particles; 
but this could have hardly been the case, as the bottle was a large 
pear-shaped one, and the gold coated the upper part as thickly as 
the lower, and very uniformly, which certainly could not have 
been the case had it been simply a deposit of mechanically sus- 
pended particles. It was no doubt, as Mr. Field observed, a 
good example of deposit from an actual solution. 

I tried the following experiment, in order to arrive at some 
idea of the quantity so taken up in ordinary assaying operations, 

H 2 
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Four assay-quantities of pure gold were accurately weighed, 
then added to the usual proportion of fine silver, and of lead, 
and cupelled. The buttons then rolled and cviled, were parted 
with nitric acid. For the boilings, acids were prepared of specific 
gravity 1°25 and 1°35 respectively. 

No. 1 assay was then boiled 20 minutes in the weaker, and 
afterwards for 13 minutes in the stronger acid, between which 
operations the cornet was washed with hot distilled water. 

No. 2 assay was boiled once in the first, and twice in the 
second acid. 

No. 3. Once in the first, and three times in the second. 

And No. 4. Once in the first, and four times in the second; 
the boilings, as I have said, being continued for 20 minutes in the 
weak, and for 13 minutes in the second acid. 

The several cornets were then washed off with hot distilled 
water, annealed, and weighed, and the following is the result :— 

Calling the weighings before the operations 1000: the first 
cornet weighed 999°6, the second 992, the third 998°7, and the 
fourth, 997-9; the loss thus increasing in proportion as we 
multiply the number of boilings. 

Now, the question occurs as to whence the loss arises. I may 
first say, that it has been suggested that it is due to silver being 
more completely separated by the repeated boilings. 

But in reply to this I can state, that I have examined these 
cornets over and over again; and that after the first boiling as 
above described, the amount of silver left in them is very uniformly 
1:16 in the 1000 parts. But the difference between 999-6, the 
weight of the first cornet, and 997°9, that of the fourth, is 1°70; 
here then, supposing the latter to be entirely free from silver 
(which is not really the case), we have 0°54 abstracted, a quantity 
just equal to 3 grains in the troy pound, which loss can only be 
traced to the removal of gold. 

Next: it has been urged, that the appearance of gold in the 
used parting acid, is due to mechanical causes, dependent upon 
the friction of an exceedingly soft and spongy body, by its being 
thrown violently about in a dense acid fluid, and by the rapid 
evolution of bubbles of acid, or acid vapour, rushing from its 
surface, all this being of course increased as the density of the acid 
is increased by evaporation. 

I believe that this is not the case, and that in the fluid medium 
no. such abrasion takes place, but that it is a true case of solution, 
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and by the agency of the nitrous acid evolved. In proof of 
this I have taken a portion of this acid which had been so used, 
and after dilution, separated the silver, then evaporated, and 
obtained small quantities of gold, which were next redissolved 
in nitro-hydrochloric acid, and proved to be such by the usual 
tests. 

Again, I do not think that the deposit upon Mr. Field’s 
store bottles (to which I have alluded), could have taken place in 
so regular a manner upon their upper portions without actual 
solution ; for had it been mere mechanical suspension, the metal 
upon the lower part would of course have been much in 
excess. 

Now, as to the evolution of this nitrous acid. At the first 
boiling, when the silver is present in such large quantity, nitrous 
acid is given off most copiously; but probably its solvent action 
upon the gold is then controlled and checked by electrical action, 
that is, by the gold becoming the negative, and the silver the 
positive element in a voltaic circuit; but when the silver is wholly 
(or nearly) removed, this check no longer exists, and the solution 
of the gold progresses more rapidly. 

Then, with respect to the cause of the evolution of nitrous 
acid,—of course as I have already said, as long as there is any 
silver to oxidise, it will be generated; and when the silver is 
nearly abstracted, the method of boiling adopted by many 
assayers induces its continuance ; for it is scarcely possible to boil 
an assay in strong acid without some means of disengaging the 
vapour formed; if some help be not afforded, the acid will “bump” 
so much as almost, if not quite, to throw it out of the flask. Hence 
it is the custom with some to introduce a small portion of char- 
coal, which, from its porosity, tends to the steady evolution of this 
vapour. Now, if tie charcoal be entirely carbonized, it does not 
materially affect the acid; but if it coutam much wocdy matter 
not thoroughly carbonized, it is then sure to decompose it, and 
set nitrous acid free. Indeed, I have for some years ceased to use 
this body, from its injurious effects upon the acid. 


I am aware that the matters mentioned in this paper are some- 
what trivial in a scientific point of view; but their commercial 
importance will be at once admitted, when we remember the 
enormeus values dealt with in this country, and consider, more- 
over, that they are at times turned over and over again and that 
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the question of profit and loss in such commercial operations are 
much, if not entirely, in the hands of the assayer. 

Lastly, this publication may serve to account for some of the 
discrepancies which are sometimes found between assayers. 


X.—On Bibromosuccinic Acid and the Artificial Production of 
Tartaric Acid. 


By W. H. PERKIN, F.C.S., anp B. F. Duppa, Esa. 


In April of last year, we published a paper on the action of penta- 
chloride of phosphorus on malic acid,* in which we stated that 
there seemed reasons for believing that there existed a close relation 
between succinic, malic, and tartaric acids, similar to that which 
exists between acetic, glycollic, and glyoxylic acids; and for the 
purpose of verifying that supposition, we proposed endeavouring to 
obtain mono- and bibromo-succinic acids, thinking that by hydrat- 
ing them by means of hydrate of silver, or by decomposing their 
silver-salts in the presence of water, we might obtain malic and 
tartaric acids. Since that time, we have obtained both of these 
bromo-acids, but up to the present have only studied the bibromo- 
succinic acid. 


Bibromosuccinic Acid. 


We endeavoured to produce this substance by the direct action 
of bromine on succinic acid, but did not obtain any satisfactory 
results. The process by which we have succeeded in obtaining 
this acid, is as follows: 

Equal volumes of bromine and chloride of succinyl are heated 
in a strong sealed tube to a temperature of 120 or 130°C. for three 
or four hours. The tube, after having cooled, must be very care- 
fully opened, so that the hydrobromic acid which has formed may 
slowly issue forth ; if the tube be opened too rapidly, its contents 
will be projected and lost. The product thus obtained is an oily 
liquid consisting of impure chloride of bibromosuccinyl. This is 


* Phil. Mag. April 1859. 
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decomposed by being well agitated for an hour or two with two or 
three times its volume of water, after which, the liquid will contain 
considerable quantities of the new acid in the form of a crystalline 
precipitate; this is purified by being well washed on a filter to 
separate hydrochloric acid, and also another extremely soluble acid 
which has been formed. It is then dissolved in a moderately 
strong solution of carbonate of sodium and filtered for the purpose 
of removing a small quantity of an oily substance. The resulting 
sodium salt is then decomposed by nitric acid, which causes the 
new product to separate as a crystalline precipitate, which, when 
thoroughly washed ona filter with cold water and then dried, con- 
stitutes pure bibromosuccinic acid. 

Carbon, hydrogen, and bromine determinations of specimens 
dried in vacuo over sulphuric acid, gave the following numbers :— 


I. +4150 of substance, gave 
°2643 of carbonic acid and 
“0600 of water. 


II. *2950 of substance, gave 
‘4035 of bromide of silver. 


Percentage composition :— 


Carbon 
Hydrogen 
Bromine. 


which agree with the formula, 


(H,? 
Cs {Bef 0 


as may be seen from the following table :— 
Theory. 
. f A 
Carbon S8equiv. . ° 17°39 
Hydrogen 4 _,, ° ° 1°44 
Bromine 2 _,, , ‘ 57°97 
Oxygen 8 _,, ° 23°20 


10000 


Bibromosuccinie acid is difficultly soluble in cold, but tolerably 
so in hot water, from which it erystallises on coolmg in opaque 
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prisms; it is very soluble in alcohol and extremely so in ether, 
We have found the latter solvent very useful in separating small 
quantities of this acid from its aqueous solutions. Crystals of 
bibromacetic acid decrepitate when gently heated, but when 
subjected to a high temperature, decompose with formation of 
hydrobromic acid. It has a strong acid taste and reddens litmus 
rapidly. We have but cursorily examined the salts of this acid. 

Bibromosuccinate of sodium is very soluble and appears to 
contain water of crystallisation. 

Acid bibromosuccinate of potassium is a white crystalline salt 
sparingly soluble. 

Bibromosuccinate of silver is obtained by adding a solution of 
nitrate of silver to either of the above salts. It is a white salt 
nearly insoluble in water. The following determinations were 
made of a specimen dried over sulphuric acid in vacuo :— 


I. ‘5316 of substance, gave 
‘1879 of carbonic acid and 
‘0288 of water. 


‘4163 of substance, gave 
*2418 of chloride of silver and 
‘3195 of bromide. 


These results agree with the theoretical numbers, as may be seen 
by the following table :— 


Theory. Experiment. 


Carbon 8equiv. . . 48 979 9.63 
Hydrogen 2 ,, ‘ ‘ 2 ‘40 ‘60 
Bromine 2. ,, , - 160 44:08 43°71 
Silver - ws ; . 216 32°65 32°64 
Oxygen 8 ,, . 64 13-08 


100°00 


On boiling a quantity of bibromosuccinate of silver with water, 
it gradually decomposes, with evolution of carbonic acid and forma- 
tion of bromide of silver; the ebullition must be continued until 
no more c:rbonic gas is evolved. The resulting mixture is then 
thrown on a filter; the less soluble portion, which consists chiefly 
of bromide of silver, is well washed with water; and to the filtrate 
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which contains a small quantity of silver in solution, a few drops 
of hydrochloric acid are added. The liquid is then separated from 
the chloride of silver by means of a filter, and evaporated on a 
water bath, until of a syrupy consistence. After remaining at rest 
for four and twenty hours under a bell-jar over sulphuric acid, it 
is found to contain a considerable quantity of large crystals, 
which are then separated from the residual syrupy acid by washing 
rapidly with cold alcohol; the product thus obtained is tartaric 
acid. 

A portion of this acid was dissolved in water and divided into 
two equal quantities. One of these was neutralized with carbonate 
of potassium, and then the other added to it, which caused the 
well-known precipitate of the acid tartrate of potassium to form, 
whereof we made the following carbon, hydrogen, and potassium 
determinations :— 


I. ‘202 grm. of substance, gave 
‘18875 grm. of carbonic acid and 
0540 of water. 


II. 205 grm. of substance, gave 
-19200 grm. of carbonic acid and 
‘0500 of water. 


III. +1545 grm. of substance, gave 
0590 of chloride of potassium. 


Percentage composition :— 


Carbon 
Hydrogen 
Potassium 


These numbers agree very closely with the theoretical, as may 
be seen by the subjoined table :— 


Theory. Experiment. 


Carbon S8equiv. . 25°60 25°49 
Hydrogen 5 __s—e7» . 2°65 2‘80 
Potassium 1, . 20:09 200 

Oxygen 12 ,, ‘ ° 51°75 ee 


100-00 
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This interesting formation of tartaric acid may be thus explained; 
Ag) ~‘ H, 
Bibromosuccinate of Silver. Tartarie Acid. 


} O, + 2 Ag Br; 


evidently showing that it is derived from four molecules of 
water. 

We have alluded to a syrupy acid which is formed at the same time 
as tartaric acid, and from which it had to be separated by means 
of cold alcohol. This we have not investigated, as its nature shows 
that it would be very difficult to obtain pure, and consequently would 
require considerable quantities, which, coupled with the expense 
and labour of obtaining only a few grammes of bibromosuccinic 
acid, has induced us to lay this part of the investigation aside for 
the present. It seems, however, probable that it is pyruvic acid, 
which, it will be remembered, is formed from tartaric acid by the 
loss of carbonic acid and water; and may it not be possible that 
part of the tartaric acid, at the moment of formation, splits up into 
carbonic acid, water, and pyruvic acid ? 

We are now investigating monobromosuccinic acid, from which 
we expect to obtain some interesting results. 


XI.—On the Composition of the Platinidcyanides. 
By Epwarp A. Hapow, Esa. 


As the platinidcyanides are derived from the platinocyanides, it 
will be well briefly to mention, in the first place, the mode of forma- 
tion and properties of the latter. The platinocyanides are a remark- 
able set of salts belonging to the stable class of double cyanides, 
exceeding the ferrocyanides in the force with which they retain the 
electro-negative metal and disguise it to ordinary tests. Concen- 
trated and boiling nitric or hydrochloric-acids, alone or mixed, 
extract no platinum from them; they are unaffected by digestion 
with peroxide of mercury, and concentrated boiling sulphuric 
acid liberates cyanide of platinum with difficulty only. They have 
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the general formula MCy.PtCy or MPtCy,, the platinum in them 
existing in the state corresponding to protochloride of platinum, 
so that, before preparing these salts from a solution of bichloride 
of platinum, it must be reduced to the condition of protochloride, 
either by sulphurous acid, or by evaporation to dryness and expul- 
sion of half the chlorine by heat. The product in either case is 
treated with excess of cyanide of potassium until a clear solution 
is obtained, which, if previously warm and sufficiently concen- 
trated, will deposit on cooling, long prisms of the potassium-salt, 
from which the other platinocyanides may easily be derived, by 
precipitating its solution with that of a salt of copper, washing 
the precipitate, suspending it in water, and decomposing it by a 
current of sulphuretted hydrogen ; the solution which contains 
hydroplatinocyanic acid, and, after filtration from the sulphide of 
copper, may be saturated with any required base. A more conve- 
nient way I find, in many cases, is to treat the protochloride of 
platinum directly with the required base, and sufficient hydro- 
eyanic acid to form the double cyanide; the combination takes 
place easily if assisted by a gentle heat, and it is only necessary 
to crystallise a few times to get rid of the chloride present in the 
solution. 

These salts are remarkable for the great beauty and variety of 
the colours their crystals exhibit, while their solutions are trans- 
parent and colourless. The platinocyanide of magnesium is, 
perhaps, the most beautiful of these salts; it forms by slow evapo- 
ration large and regular prisms of a deep red by transmitted light, 
but viewed by reflected light the sides of the prisms exhibit a 
brilliant beetle-green, and the extremities a deep blue or purple 
colour. The red salt gently warmed, even under water, becomes 
bright yellow, which is also the colour of crystals deposited from 
a solution at a temperature of 160 °F.; heated to 212° F. the salt 
becomes quite white, and again at a higher temperature bright yellow. 
These changes of colour correspond to successive losses of water, 
the ordinary red salt containing 7 equiv. ; the yellow, according to 
Weselsky, 6 equiv. At 212° F. the salt still retains 2 equiv., 
which are only expelled by a heat of between 300° and 400°, when 
it becomes anhydrous and again yellow. If a portion of this yellow 
anhydrous salt be laid on the red salt in powder, it will soon 
abstract water (from the latter), and a white layer will be formed 
between two yellow borders, one of these yellow compounds being 
anhydrous, and the other containing 6 equiv. of water. In 
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endeavouring to prepare this salt, I, on one occasion, made use of 
a method given by Quadrat, which consists in evaporating to 
dryness mixed solutions of sulphate of magnesia and _platino- 
cyanide of potassium, and digesting the dried mass in a mixture 
of alcohol and ether; instead of which, however, I used only 
alcohol, and that somewhat weak, and by so doing obtained a 
solution, which gave, in addition to the ordinary dark red salt, 
another set of crystals of a paler red, and exhibiting a steel-blue 
lustre by reflected light, instead of the usual emerald-green of the 
ordinary salt. Analysis proved it to be a double platinocyanide of 
magnesium and potassium, having the formula 


MgPtCy,.KPtCy, + 2HO + 5aq = 416°5. 


Calculated. Found. 
47°54 47°2 — 47:1 
24°97 — 
3°00 3°02 
936 ° 9°41 
4°32 4°40 expelled above 212° F. 
10°81 10°97 expelled at 212. 


100-00 


2Pt 
4Cy 
Mg 
K 
2HO 
5HO 


Hu uu 


In this, as in many other platinocyanides, a portion of water is 
retained at 212°. This salt cannot be recrystallised except from a 
considerable excess of platinucyanide of magnesium, and even 
when this is present, sudden cooling, or agitation of the saturated 
solution, causes the separation of the potassium salt free from 
magnesium. 

These platinocyanides, represented by the general formula 
MPtCy,, may be transfurmed into the salts termed platinidcya- 
nides, by the action of chlorine, bromine, nitric acid, &c. —a set of 
compounds characterised in the crystalline form by a peculiar 
coppery lustre, and to which the general formula M,Pt,Cy, has 
hitherto been assigned. They are thus represented as differing 
from the platinocyanides by the addition of an atom of cyanogen 
to every two atoms of the latter salts. 


Mg,Pt,Cy, = 2(MgPtCy,) . Cy. 


This somewhat improbable formula seemed yet to be strongly 
confirmed by the following facts. Gerhardt at first doubted it, 
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but afterwards confirmed it by an analysis of the potassium-salt. 
A determination of the platinum and potassium made by myself 
agreed so closely with the requirements of the formula as also 
strongly to confirm it. These salts act like the ferridcyanides in 
presence of a free alkali,—exerting a powerful bleaching action on 
cochineal; they also liberate iodine from iodide of potassium, 
confirming the analogy between the two sets of salts. They 
evolve cyanogen when heated sufficiently, leaving a residue of 
platinocyanide. They are produced equally by the action of 
bromine, nitric acid, and other oxidizing agents on the platino- 
cyanides, showing that no single one of these is essentially neces- 
sary for their formation. 

But then, on the other hand, the following difficulties pre- 
sented themselves. The platinum and basic metal remain in the 
same proportion to each other in the platinidcyanides as in the 
platinocyanides from which they are derived, the difference being 
merely an excess of cyanogen in the latter over that in the former. 
Whence is this cyanogen derived? In the case of the ferrid- 
cyanides, the proportion between the iron and the basic metal 
in the ferrocyanide has been altered by the chlorine, which 
abstracts a portion of the basic metal, leaving the cyanogen 
behind to explain the excess found in the ferridcyanide ; 


2(M,FeCy,) + Cl = M,Fe,Cy, + MCL. 


But to account for that in the platinidcyanides, it is necessary to 
assume the simultaneous removal, by the action of chlorine on the 
platinocyanides, of equal proportions of platinum and basic metal : 


3(MPtCy,) + Cl = M,Pt,Cy, + MCl + PtCy; 


an explanation which appears very improbable to any one who has 
observed the great stability of the platinocyanides, and the 
remarkable ease with which the transformation by chlorine occurs. 
These salts, it is true, have an oxidizing effect in presence of 
potash, in consequence of which, by the addition of an oxidizable 
body, they are reduced to platinocyanides; but then it ought to 
occur with simultaneous formation of free cyanide of potassium : 


M,Pt,Cy, + KO + X = 2(MPtCy,) + KCy + XO, 


but no free cyanide can be detected as a product of such a 
reaction in any case. Moreover, there exists another salt, the 
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ultimate product of the action of chlorine on the platinidcyanide 
of potassium (the salt chiefly examined), usually represented by 
the formula PtCy,.KCl, the formation of which from the plati- 
nideyanide is equally difficult of explanation with that of the 
latter from the platinocyanide; and further still is it difficult to 
represent the mode of the reduction of the chlorinated salt to the 
state of platinideyanide, which, however, actually occurs very 
readily under the action of reducing agents. 

The determination of the proportions between the cyanogen 
and the platinum at once served to clear up most of these 
difficulties. The proportion was found to be identically the same in 
the platimidcyanides as in the platinocyanides; and the difference 
between the two sets of salts in composition was found to consist 
in the addition of a certain amount of the chlorine, bromine, or 
other elementary or compound salt-radical used for their forma- 
tion,—so that there exist, not one set, but many sets of platinid- 
cyanides, requiring the prefix of chloro, bromo, &c., to distinguish 
them. Such being the case, it appeared most probable that 
K nop’s and Gerhardt’s salts had been true cyano-platinocy2nides, 
as the above formula indicates, formed under some peculiar condi- 
tions, perhaps in presence of excess of cyanide of potassium, so 
that cyanogen, instead of chlorine, had really been superadded to 
the original platinocyanide, and that the salt under examination 
differed from theirs only in containing chloriné in place of 
cyanogen. I was therefore not a little surprised to find, instead 
of 1 atom of chlorine to 2 atoms of platinum, which a chlorine- 
compound analogous to this cyanogen-compound should contain, 
not above a third of that quantity; accordingly, even if the 
chlorine ever were truly replaced by cyanogen—which, after several 
attempts, I failed to effect—the formula M,Pt,Cy, never could 
represent the composition of the cyano-platinocyanides, the super- 
added cyanogen being too large in amount by two-thirds. 

Considerable difficulty was found in determining the amount 
of chlorine in the salts, on account of their high atomic 
weight. Repeated combustions of the chloro-platinocyanide 
of potassium with nitrate of potash and carbonate of soda gave a 
proportion of 1 equiv. of chlorine to between 6 and 7 equiv. of 
platinum. This analytical method proving unsatisfactory, from 
not giving a probable formula, a syvthetical method was tried, 
with better success; it was found that a solution of platino- 
cyanide acidulated with hydrochloric acid, rapidly and perfectly 
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decolorises a solution of permanganate of potash, until the platino- 
cyanide has taken up the maximum amount of cblorine, and 
become converted into the salt, PtCy,KCl, which has been before 
mentioned as the ultimate product of the action of chlorine on 
the chloro-platinocyanides, and which might be termed the 
perchloro-platinocyanide of potassium. As no method could be 
devised to indicate when the first stage of the change, namely, 
from platinocyaniie into chloro-platinocyanide, is complete, it 
was not possible to determine the amount of chlorine necessary 
for its formation in this direct way; but, starting from the 
chloro-platinocyanide, it was easy to determine by means of 
permanganate of potash how much additional chlorine was 
necessary to convert it into the perchloro-piatinocyanide, the true 
composition of which had been determined and found to have 
been correctly represented in its elementary proportions by the 
formula hitherto given. It was thus found that while 6 equiv. of 
the platinocyanide, containing 6 equiv. of platinum, required 6 
of chlorine for the formation of the perchloro-platinocyanide, a 
quantity of the chloro-platinocyanide, containing the same amount 
of platinum, required only 5 equiv. of chlorine to convert it into 
the same salt, proving that 1 equiv. already existed in this 
quantity of the salt, and, therefore, that its true composition in 
the anhydrous state is 6(KPtCy,)Cl. This composition explains 
its oxidizing power in alkaline solutions, and why no free cyanide 
can be detected when its force has been spent on an oxidisable 


body : 
6(KPtCy,)Cl + KO + X = 6(KPtCy,) + KCl + XO, 


an alkaline chloride, and not a cyanide, being formed. The 
evolution of cyanogen, and its reduction to platinocyanide when 
heated, is due to the chlorine partly entering the salt, and dis- 
placing cyanogen; (a certain amount of chloride of ammonium 
is however likewise formed at the time when moisture is present) : 


6(KPtCy,)Cl = 5(KPtCy,) + KCl + PtCy + Cy. 


The salt after this gives a somewhat turbid solution, from PtCy 
which has been set free. The formation of the salt from the 
platinocyanide, and its ready conversion into the perchloro- 
platinoeyanide, and the reduction of the latter into the chloro- 
platinocyanide and platinocyanide successively, by reducing 
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agents, is due to the successive additions of chlorine in one case, 
and successive abstractions of it in the otler, without any forma- 
tion or separation of cyanide of platinum, or of chloride of 
potassium, in either case— 


6(KPtCy,) + Cl = K,Pt,Cy,,Cl 
K,Pt,Cy,,Cl + 5Cl = 6(KPtCy,Cl). 


The chloro-platinocyanide of potassium, as ordinarily dried in a 
hot-water oven, loses the percentage of water given by Gerhardt 
in his analysis, but still retains 3 equiv., which, together with the 
chlorine overlooked, correspond pretty nearly in weight with the 
excess of cyanogen supposed to exist in the salt, and which thus 
appears to have been determined by difference only. The compo- 
sition of the crystallised salt is: 


Pt.K,Cy,>.Cl + 3HO + 18aq = 13645. 


The direct determinations of chlorine, as before stated, were 
unsatisfactory, inasmuch as they showed on the average a deficiency 
of about 0°20 per cent. The salt has a slight tendency to lose 
water of crystallisation in dry weather. The water was therefore 
determined in two samples, one dried spontaneously in the air, 
the other by strong pressure in bibulous paper immediately after 
removal from its solution, as the two extremes to furnish a correct 
mean. 


Air-dried. Dried by Aver- Calculated 
Pressure. age. for 18HO. 


18HO Loss per cent at 212° = 11°34 10°9 12°34 11°53 1°87 
3HO ” 400° = 1°94 1:97 _ 1°96 1:98 


Composition of salt dried at 212° :— 


Found. Average. Calculated. 
49°27 50°07 48°7 49°34 49°39 
19°68 —_ 19°92 19°80 19°47 
25°83 — — 25°83 25°95 

2°76 2°82 2°79 2°79 2°95 
2°19 2°23 — 2°21 2°24 


6Pt 
6K 
12Cy 
Cl 
3HO 


99°97 100-00 


The quantities of the salt taken for the various determinations 
varied from 7 to 13 grs. The platinum and potassium were 
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obtained by evaporation with pure concentrated sulphuric acid, 
followed by gentle ignition. The cyanogen was determined by 
combustion of 10°6 grs. with soda-lime. 

The above formula represents the empirical composition of the 
chloro-platinocyanide of potassium. Its true rational composition 
was discovered on precipitating its solution with a solution of zinc, 
when it was found to have resolved itself into a platinocyanide, 
which was precipitated in combination with zinc, and a perchloro- 
platinocyanide, which remained in solution; and, accordingly, on 
mixing a solution of the perchloro-platinocyanide, a salt which 
forms large colourless crystals, with another of the nearly colour 
less platinocyanide, the mixture, if sufficiently concentrated, will 
deposit immediately an abundant crop of copper-coloured crystals 
of chloro-platinocyanide : 


5(KPtCy,) + KPtCy,Cl = K,Pt,Cy,,Cl. 


It appears, in fact, to be a double salt of the two. 

The solution, accordingly, of the so-called platinidcyanides 
exhibits the reactions of a mixture of its component salts, and it is 
thus impossible by any direct tests to ascertain whether either is 
in excess or not; this point can only be determined by careful 
crystallisation. By this latter method the formula of the chloro- 
platinocyanides was further confirmed; the two component salts 
were mixed in various proportions, and the compound salt was crys- 
tallised out, when one or other of its components would be found 
in excess, unless the right proportions had been taken. The results 
obtained in this way were not absolutely satisfactory, in conse- 
quence of partial decomposition during repeated crystallisation ; 
but they served to counterbalance the determinations of chlorine 
by analysis, the errors in the numbers obtained being in the 
opposite direction, and indicating the proportion of 1 equiv. of 
chlorine to between 5 and 6 equiv. of platinum. It was found 
that, from whatever solution the chloro-platinocyanide was crystal- 
lised, it always contained the same amount of chlorine, so that 
there appears to be no double salt intermediate between the 
chloro-platinocyanide and perchloro-platinocyanide; and, accord- 
ingly, if a purely cyanogen-platinocyanide existed, it may be 
concluded from analogy that it would have the composition, 


5(PtKCy,) + PtKCy, and not (PtKCy, + PtKCy,) 


which the hitherto accepted formula requires. The bromo- and 
VOL, XIII. I 
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nitro-platinideyanides so closely resemble the corresponding 
chlorinated salts as hitherto to have been confounded with them 
under the general term of platinidcyanides, and as their appearance 
and facility of formation are so much alike, there is every reason to 
conclude that they have an analogous composition, being, in fact, 
double salts of a platinocyanide, and a corresponding perbromo- 
and pernitro-platinidcyanide, which, like the highest chlorine com- 
pounds, are colourless. In the case of nitric acid, NO, must 
represent the chlorine and bromine of the corresponding salts. 
There appear to be no analogous iodine compounds, since any one 
of these salts treated with iodide of potassium immediately 
liberates iodine. But there are analogous compounds containing 
the salt radical SO, in place of chlorine, bromine, &c., and, 
doubtless, similar compounds with the salt-radicals of other 
acids; the existence of the sulphuric compound was inferred in 
the first instance from finding that a solution of a platinocyanide 
acidulated with sulphuric acid rapidly decolorises a perman- 
ganate. The crystallised oxysu!lpho-platinocyanide of potassium 
is readily obtained by adding a little peroxide of lead to a saturated 
solution of platinocyanide of potassium acidulated with sulphuric 
acid ;—each particle of peroxide dropped in becomes instantly 
enveloped in a moss-like growing mass of the copper-coloured 
salt. 


From a few experiments recently made, it would appear that 
these remarkable compounds may also be regarded as salts in 
which the platinocyanide MPtCy, plays the part of a metal, since, 
in the sulphuric compound, the sulphuric acid readily admits 
of replacement by another acid by double decomposition with a 
baryta-salt; aud, accordingly, it seems to be not unlikely that 
there are oxygen-compounds capable of acting the part of bases, 
and combining directly with acids to form the per-compounds 
which by combination with the platinocyanides, form the platinid- 
cyanides. It is on account of the feeble affinity that exists 
between the platinocyanide (as a compound metal) and the salt- 
radical, thst reducing agents so readily decompose them into the 
platinocyanide and the corresponding acid, just as they would 
the corresponding salts of gold, the gold being supposed to 
represent the platinocyanide in its feebly electro-positive character. 
If sulphuretted hydrogen be passed into their solutions, which 
are neutral, they immediately become strongly acid. 
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The most distinctive reactions between the platinocyanides 
and perchloro-platinocyanides, are that the former give an 
abundant smalt-blue precipitate with nitrate of suboxideof mercury, 
and a flocculent blue precipitate with salts of copper. The latter 
give a white with nitrate of suboxide of mercury, and a fine sandy 
blue with salts of copper ; they liberate iodine from iodides; and 
if dropped in the solid form into a concentrated solution of 
platinocyanide of potassium, they are immediately coated with 
copper-coloured needles. 


The platinidcyanides in solution exhibit both sets of reactions, 
and accordingly, cannot be distinguished until crystallised out, 
when their dark coppery lustre at once characterizes them. The 
neatest way of forming the chlorine and bromine salts at once in 
a state of purity is, to take a concentrated solution of a platino- 
cyanide, measure off a sixth-part and convert it by an excess of 
chlorine or bromine into the perchloro- or perbromo-platinocyanide, 
expelling the excess of the cllorine and bromine subsequently 
by a gentle heat, and then adding the remaining five-sixths of 
platinocyanide; in a very short time the double salt will form 
abundautly in a state of perfect purity. 


XII.—On the Stibethyls and Stibmethyls. 
By G. B. Bucxrton, Esq, F.R.S. 


Cuemists are already aware, through the researches of Dr. 
Hofmann, that zinc-ethyl reacts on terchloride of antimony in a 
manner similar to that shown by terchloride of phosphorus ;—in 
the former case, triethylstibine is formed, in the latter case, tri- 
ethylphosphine. The same successful labourer in this fieid of 
chemical inquiry, in his profound and complete history of am- 
monia, lately communicated to the Chemical Society, groups these 
bodies as primary triamines, or ammonias in which antimony and 
phosphorus severally play the parts of nitrogen, and three equiva- 
lents of ethyl those of hydrogen. 

The following experiments were undertaken with the intention 
of testing how far the compounds of antimony with methyl and 
ethyl, were limited to the ammonia-type, and more particularly to 
determine whether, by assimilating more than three molecules of 
methyl, &c., bodies might arise referable to the types of anti- 


monious and antimonic acids. 
12 
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Triethylstibine is known to combine with two equivalents of 
chlorine or iodine to form its haloid salts. If substitution could 
be effected, through zinc-ethyl, in these substances, a pentethylated 
radical would arise, showing the antimony in a complete condition 
of saturation. 

Coarsely powdered antimony attacks iodide of ethyl readily, 
when sealed in tubes, and exposed to a temperature of about 
140° C. An oily liquid is formed, composed of biniodide of 
triethylstibine, with probably a little teriodide of antimony. 
This biniodide, Sb(C,H,),I,, produces considerable heat when 
mixed with zinc-ethyl, a pasty mass being formed, upon the 
surface of which a yellowish liquid floats. Distillation is attended 
by an abundant evolution of inflammable gas, which is charged 
with the vapour of triethylstibine. To remove as far as possible 
the inconvenience of these dense white antimonial fumes, the first 
distillation is best performed in a quilled receiver, the tube of 
which is plunged into water. 

The yellowish heavy liquid, obtained as above, was rectified in 
an atmosphere of coal gas. 

The first portion contained a little ether, which was separated, 
after which the temperature rose to 150°, between which and 
170° C. all the liquid products passed over. 

The fraction boiling below 160° C. had the properties of 
triethylstibine, but gave numbers slightly higher than those re- 
quired by theory. 


Theory. Experiment. 


A wa 


Sb “129 59°73 whe ys 
c 33°33 33°51 33-97 
H,, 15 6-94 7°17 7-39 


216 100°00 


Triethylstibine, when pure, is a colourless and limpid fluid, 
having a faint odour, which can scarcely be styled alliaceous. An 
unpleasant and very persistent taste is left in the mouth when a 
small portion only of its vapour has been inhaled. It is spon- 
taneously inflammable in air, but may be kept unchanged under a 
layer of water. It mixes with bromine, under water, without 
disengaging any noticeable quantity of gas, and the oily bibromide of 
triethylstibine is formed. With hydrochloric acid hydrogen gas is 
liberated, and the corresponding non-fuming bichloride is produced. 

Triethylstibine is a very stable body, and distils without 
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change. Here it differs from Stanethyl, which, as Dr. Frank- 
land has shown, deposits when heated, half its quantity of tin, and 
passes into stannic diethyl. 

Lowig and Schweitzer found the boiling point of triethylstibine 
to be 159° C. 

A combustion of the samples boiling between 160° and 170° C., 
showed a considerable increase in the percentage of both carbon 
and hydrogen. 

Although the numbers obtained, approach more nearly the com- 
position of tetrethylstibine than that of pentethylstibine, it is 
thought more probable that the latter substance is really con- 
tained in the mixture. The percentage of carbon and hydrogen 
was not increased by another rectification of the sample, and it 
soon became evident that the body was broken up by heat. This 
observation furnishes an explanation of the copious liberation of 
gas noticed during the distillation of biniodide of triethylstibine 
with zinc-ethyl. 

Tetrethylstibine. Sample 1. Sample 2. 


Sb 129 52°65 yaa — a nt 
C,, 96 39:19 37°51 37°44 35°96 35°44 
H,, 20 8-16 7-90 8-01 7°43 7°39 


245 100°00 


The decomposition of such a body by heat is analogous to that 
of pentachloride of antimony, which is thus known to yield chlorine 
gas and the terchloride. In the same manner, 

Sb(C,H;); = Sb(C,H;), + C,H, + C,H;H. 

The existence of a stibium compound, containing more than 
three molecules of ethyl, was confirmed by the deportment of the 
sample under examination towards bromine. A portion of the 
fuming liquid was thrown up into the head of an eudiometer tube 
standing over mercury, and small quantities of bromine were 
introduced from time to time. The mixture was attended with a 
violent action, and a bulk of permanent gas was formed. As the 
neutral point was approached, all visible action ceased, but when the 
bromine was in slight excess, a partial absorption of gas was noticed. 

As triethylstibine unites with bromine to form the bibromide 
without liberation of gas, the appearance of ethylene and hydride 
of ethyl can only be explained by the presence of a more complex 
ethylated radical than triethylstibine. 


118 BUCKTON ON THE 


The absorption of gas also would thus be easily explained. 
Sb(C,H,), + 4Br = Sb(C,H,),Br, + C,H,Br, + C,H,H. 


Triethylstibine passes into the non-fuming bichloride also more 
readily with concentrated hydrochloric acid than the substance 
here described, which loses its character of spontaneous inflam- 
mability only after long boiling. 

It is remarkable that zinc-ethyl is not attacked by bichloride of 
triethylstibine, even when the mixture is raised to its boiling 
point. 

The most characteristic salt of triethylstibine is the bisulphide, 
which is easily formed by heating the radical with alcohol and 
sulphur. It crystallises in long silky needles, which are readily 
soluble in water. This salt is rapidly decomposed by boiling in 
excess of aqueous cyanide of potassium. The cyanide is in this 
manner converted into sulphocyanide of potassium, and triethyl- 
stibine is liberated in white fumes. 

If the mixture containing the higher stibium-radical be boiled 
with alcohol and sulphur, there is formed, together with bisulphide 
of triethylstibine, a considerable quantity of bisulphide of ethyl. 
This substance becomes immediately evident by its powerful and 
repulsive odour. 

Although triethylstibine is remarkably persistent in itself, its 
salts are in general easily reduced. 

The most convenient method of obtaining the radical triethvl- 
stibine is by distilling its salts with granulated zinc. As the 
biniodide is easily formed, it is well suited for such an operation. 
The action is set up with some energy, and the products are most 
conveniertly received under water. 

I have failed in forming substitution-products by bringing to- 
gether triethylstibine and bisulphide of carbon. The same failure 
also has happened in my attempts to cause a reaction between 
triethylstibine and bibromide of ethylene. An interesting body 
from tricthylphosphine, homologous to sulphocarbamate of 
ammonium, has been obtained by Hofmann: 


2PE, + C,8, = (C282) EP} g,. 


With triethylstibine the tubes invariably burst at a temperature 
of 140° C., and below this point no change appeared in the materials. 


bas 
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Having some quantity of tricthylstibine at my disposal, a few 
experiments in confirmation of those of M. Léwig were made. 


On the Salts of Tetrethylstibine. 


Triethylstibine was mixed with a slight excess of iodide of 
ethyl. In the course of a few hours, a mass of fine crystals of 
iodide of tetrethylstibine was obtained. 

Iodide of tetrethylstibine, when mixed with zinc-ethyl and 
distilled, yields the same results as if biniodide of triethylstibine 
had been employed. [Iodide of zinc, fixed gases, and a mixture of 
two radicals incapable of separation by heat were obtained. 

Oxide of Tetrethylstibine is very soluble in water, and is un- 
crystallizable. When heated abave 100° C. it undergoes decom- 
position, with liberation of white fumes of triethylstibine. 

Sulphate and nitrate of tetrethylstibine are crystalline salts. 

Chloride of Tetrethylstibine is also crystalline. When dissolved 
in water, and mixed with bichloride of platinum, it yielded a fine 
yellow crystalline salt, which was but little soluble in alcohol. 

When ignited and separated from the antimony, the following 
analytical result was obtained. 

0°7856 grm. of salt, gave 01752 grm. of platinum, which 
accords most nearly to the formula, 


‘Sb(C,H,),C1PtCl, 

Theory requires. Found, 
Sb . - 129°0 28°63 —_ 
Ci ° ° 96°0 21°30 —_ 
20:0 4°44. — 


20° ° 
Cl, .  . 1065 23°65 - 
Pt... «(990 2198 22°31 


450°5 100°00 
Léwig obtained a salt much richer in platinum, to which he 


assigns the composition, 


3PtCl,, 2(Sb(C, H,),Cl). 


Action of Zinc-methyl on Biniodide of Trimethystibine. 


As the methyl-molecule is simpler in structure than that of 
ethyl, it was thought that a penta-methylated body might possibly 
resist decomposition during distillation. The biniodide of tri- 
methylstibine may be obtained in beautiful crystals, by acting on 
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metallic antimony with iodide of methyl, at a temperature of 
140° C. As these crystals were found to decompose zinc-methy]l 
energetically, an appeal was again made to experiment. 

The materials were mixed slowly in a retort, and after the first 
action had subsided, the mass was submitted to a temperature of 
100° in a water-bath, which removed the excess of zinc-methyl and 
ether. Subsequently, the distillation of the solid mass was com- 
pleted over the sand bath. 

In this way, a heavy pale-coloured liquid was obtained, which, 
after agitation with water and weak acid, was rectified in an 
atmosphere of coal gas, heat being applied by a water-bath. 

Fractions were taken between 80°—86°, 86°—96°, 96°—100° C. 

All these samples had the following properties : 

They were oily bodies with faint odours, heavier than water, 
with which they did not mix. When exposed to the air, they were 
not spontaneously inflammable, neither did they, at ordinary 
temperatures, give off white fumes. When dropped on a warm 
surface, however, they ignited and burnt with a luminous flame, 
accompanied by a dense antimonial cloud. 

The following numbers were obtained by analysis of these 
samples :— 


80°—86° 86°—96° 96°—100° © 
=—_a_e_ 


ly, aggre 
Carbon . - 21°99 21°20 26°90 30°18 31°64 
Hydrogen ~- 5:08 5°23 5°92 6°83 6:98 


For comparison, the numbers required by theory for antimony 
with three, four, and five equivalents of methyl, are appended. 


Sb Me, Sb Me, 


rn ere. 
Sb 74°25 68°37 
C; 20°69 25°39 
H, 516 6°34. 


100-00 100-00 


Notwithstanding the circumstance that the above samples are 
not spontaneously inflammable (a character pre-eminently shewn by 
trimethylstibine), the composition of No. 1, seems to indicate its 
identity with that body. Before being confident with reference to 
the composition of Nos. 2 and 3, some weight must be given to 
an observation here made, viz., that in the decomposition of zinc- 
methyl by a high temperature, instead of gases being eliminated, 
as is known to be the case with zinc-ethy], hydro-carbons are pro- 
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duced which burn with a smoky flame.. These substances I have 
not yet been able to examine, but it would appear that the methyl- 
molecules undergo duplication, and thus give rise to bodies pos- 
sessing high boiling points. 

It is therefore possible, that pentamethylstibine may be resolved 
by heat into trimethylstibine and such a hydrocarbon. This 
would account also for the excess in the carbon and hydrogen 
given by analysis of sample No. 3. 

In conclusion, it is thought that a reviewal of these experiments, 
in both the ethyl and methyl series, will justify the conclusion 
that the higher stibium organo-radicals exist. A better method for 
their isolation however, is still a desideratum. 


Apparatus for general fractional Distillation in Carbonic Acid Gas. 


A. Inverted 
bell glass with 
open neck. 

B. Stand with 
thick vulcanized 
indian rubber 
collar E. 

C. Circular 
table with sockets 
for holding bottles 
1, 2, 3, &e. 

D. Thick glass 
rod, sliding air- 
tight through col- 
lar and stand, by 
which the table 
and bottles may 
be raised, lowered, 
or rotated at 
pleasure. 

F. Quilled re- 
ceiver and retort. 

I. and K. Tubes 
for entrance and 
exit of carbonic 
acid or other gas. 

G. Clamp with 
forked arm, to 
secure the bell to 
the stand, and 
permit the table 
to rotate eccentrically, if required. The tube of the receiver may thus be introduced 
into any one of the bottles. 

H. Slate cover, which may be ground to fit the lip of the bell, or simply luted to 
it with linseed. 


XIII.—On Crystallized Sodium and Potassium. 


By CuarxtEs Epwarp Lona. 


In endeavouring to prepare perfectly bright specimens of sodium 
and potassium, I have succeeded in obtaining large crystals of 
both metals. I will briefly describe the method now employed. 

A piece of the best combustion 
tube about 24 feet in length, and 
#-inch in bore, is sealed up at one 
end, and contracted before the blow- 
pipe at about one-third of its length 
from the sealed end (fig. 1). A 
glass funnel with a wide rim (fig. 2) 
is then prepared so as to fit into the 
tube as represented, care being taken 
that the funnel fits at the rim alone. 
Into the filter is introduced a piece 
of wire gauze, in which a small hole 
has been cut at a@ (fig 2). The 
sodium (or potassium) is now intro- 
duced into the upper part of the 
tube in fragments which have been 
freed from all adhering oxide, and 
especially from rock-oil, by cutting 
the metal clean with a knife. Before 
introducing the metal, the tube is 
filled with coal-gas which has been 
dried and partly purified by passing 
through oil of vitriol. For this 
purpose, the delivery tube is passed through the tube 4, which is 
fitted with a cork into the larger tube. 

After the introduction of the metal, the gas is still passed into 
the tube; the delivery tube is then drawn out and the tube 3d is 
lightly corked. The large tube is now drawn out and sealed 
before the blowpipe at c, care being taken to avoid melting the 
metal, lest it should attack the glass and render it brittle. The 
metal is next fused in the upper part of the tube, and partially 
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poured off from the oxide, so as to present a bright surface for the 
absorption of any oxygen there may be in the tube. The whole is 
then allowed to stand for several days, after which the metal is 
again melted, poured through the filter into the lower portion of 
the tube, and allowed to solidify. The tube is now cautiously 
heated at d, so as to detach the rim of the filter, which will then 
readily fall back to the top of the tube on reversing its position, 
leaving a perfectly clean surface of tube of about 3 inches. The 
lower tube may now be drawn out and sealed at e. 

In this manner either metal may be obtained without the 
slightest tarnish or oxidation. In order to crystallise the metal, 
it is fused over a Bunsen’s lamp, and allowed to cool; as soon as 
the solid points of crystals appear on the surface, the liquid portion 
is poured off by suddenly inclining the tube. Specimens prepared 
in this manner 18 months ago, still retain their lustre unimpaired. 

Sodium.—Sodium presenting a perfectly clean metallic surface, 
is not silver-white, but is of a most beautiful rose colour. The 
colour is best seen when a ray of light falling upon a surface of the 
metal is reflected back from a second surface of sodium, and again 
reflected from the first, so that more of the light of the primitive 
ray is decomposed than by direct reflection, since the great number 
of undecomposed reflected rays entirely masks the small number 
of pink rays, as is the case with silver, which is really yellow and 
not white. The pink colour of sodium is brought out more 
strongly by contrasting the metal with bright potassium, which 
has a greenish-blue tinge. 

Sodium is obtained in large octahedra by crystallisation. It 
does not crystallise in the regular system, but most probably in 
the quadratic system. As it is impossible to measure the crystals 
by reflection, owing partly to their being enclosed in a glass tube, 
but chiefly to the irregularity of the faces which are always striated 
in a direction at right angles to the major axis, I was only able 
to measure the facial angles by using a narrow tube provided with 
an arc, and across which a fine hair was stretched. Unfortunately 
I have not obtained any crystals with the base-angles well defined. 
The following are measurements of the angle of the apex :— 


Angle of apex. 


~ 


2 38 


Crystal I. facea . : ; 50°O = 505 
faceb . ° P°5 50°-0 49°°5 


Crystal IT. ‘ ‘ . 50°:0 49°°5 
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Potassium.—Has a greenish or greenish blue tint, The beauti- 
ful green colour of the vapour may be observed by volatilizing a 
small portion of the metal in a sealed tube containing no oxygen. 
It is much more crystalline metal than sodium, but is more 
difficult to obtain in good crystals, since it passes almost imme- 
diately from the liquid to a pasty state. The crystals present an 
almost smooth metallic appearance for a few moments after the 
liquid metal has been poured off. Suddenly they assume the 
appearance of frosted silver, a network of minute lines darting out 
in every direction. For this reason, they disperse light much more 
than sodium crystals, whereby the real colour of the metal is 
effectually masked. 

Potassium crystallises in cbtuse octahedra belonging to the 
quadratic system. The following are the measurements of the 
three facial angles of one of the crystals. In crystal II, I was 
only able to measure one of the angles of the base :— 


Crystal I. Angles of base i 


B 
Angle of apex ¥ 


1 
Crystal II. Angle of base 52°O 51°5 


X1V.—On Zinc-methyl.* 
By J. A. Wanktyn, F.R.S.E., 
DEMONSTRATOR OF CHEMISTRY IN THE UNIVERSITY OF EDINBURGH. 


ZINC-METHYL was discovered rather more than ten years ago by 
Frankland. It was then obtained neazly pure, but in quantity 
so small, that many of its leading physical properties, including 
its vapour-density, specific gravity, and boiling point, were not 
determined. More recently, the subject has again been taken 
up by the same chemist, who this time operated upon several 
pounds of materials, and under conditions widely differing from 
those of his former experiments. 


* An abstract of this paper was read before the Royal Society of Edinburgh, 
April 2nd, 1860. 
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The latter investigation has, however, not been so successful as 
the former, inasmuch as it has given no pure zinc-methyl, having 
instead disclosed peculiar and unlooked-for difficulties in the 
preparation of that compound. 

When zinc and iodide of methyl are heated together in closed 
tubes, the following reactions take place :— 


Zn, + C,H] = ZnI.ZnC,H, 
Zn, + 2C,H,I= 2ZnI + C,H,.C,H3. 


At moderate temperatures, the former reaction predominates ; 
at higher temperatures, the latter. When only iodide of methy] 
and zinc are employed, and no ether is used, it is impossible to 
obtain complete decomposition of the iodide without at the same 
time obtaining much gas. This circumstance renders it imprac- 
ticable to prepare much zinc-methyl by this method, as the high 
pressure of the generated gas necessitates the employment of very 
small tubes. The copper digester, which Frankland employs 
for the manufacture of this class of substances cannot be made 
to replace the small glass tubes. Frankland has found that 
when the materials are heated in the copper digester, no pure 
zinc-methyl can be obtained. 

A mixture of ether with iodide of methyl is easily converted 
into iodide of zinc and ethereal solution of zinc-methyl. Here, 
however, a fresh difficulty arises. Fractional distillation does not 
avail to separate ether from zinc-methyl. And so pertinaciously 
do these two liquids cling to one another, that it is even a matter 
of doubt, whether a chemical compound does not exist between 
them. 

To this point our knowledge was advanced by the publication 
of Frankland’s paper* last year. 

My attention was drawn to this subject, in the course of my 
investigation of the compounds formed by methyl with the 
alkali-metals. These compounds are prepared by acting upon 
zinc-methyl with the alkali-metals. At first I employed the 
solution of zinc-methyl in ether, but I found the ether to be a 
very troublesome complication, and therefore was led to enquire 
whether it were really impossible to obtain zinc-methy] in a state 
of purity and at the same time in considerable quantity. 


*Ann. Ch, Pharm. cxi., 62; also Bakerian Lecture, 1859. 
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During my experiments, I observed the fact that a strong 
ethereal solution of zinc-methyl, equally with ether, renders the 
decomposition of iodide of methyl by zinc easy and comparatively 
unaccompanied by the evolution of free methyl. Thereupon 
I tried a stronger solution of zinc-methyl and found it also 
effectual. A still stronger solution was also successful, and it 
seemed that even pure zinc-methyl itself possessed the same 
property. Here, then, was an available method of making pure 
zinc-methyl. Strong ethereal solution of that compound was 
first prepared. The strong ethereal solution was next mixed 
with iodide of methyl and sealed up with zinc; then, after 
digestion in the water-bath, distilled. In this manner, a stronger 
solution of zinc-methyl was prepared. By repeating the process, 
a sufficient number of times, the amount of ether originally taken 
was made to bear a very trifling ratio to the ultimate product; 
and indeed could be made to vanish altogether. 

In evidence of the practicability of the plan just proposed, 
I may mention, that the product from a single tube, which had 
undergone four successive digestions, amounted to abuut half an 
ounce, and proved to be zinc-methyl as pure as the gramme or 
two obtained by Frankland ten years ago. 

Before giving the analysis of this sample, I will just men- 
tion a few particulars connected with its preparation, which 
may be interesting to any one who may desire to prepare the 
compound. 

The digestions were ail made in the water-bath, the substance 
being always contained in glass tubes. In order that an ounce 
or two of iodide of methyl might be, with safety, heated in a 
single tube, the precaution was taken of opening the tube several 
times in the course of the digestion. By this means, a dangerous 
accumulation of hydro-carbun gas was avoided. The distillation, 
of the zinc-methyl was made over the naked flame. Finally, 
previously to the last distillation, a digestion with metallic-zine, 
without any fresh iodide of methyl, was made. 

I may also mention that iodide of zinc forms with zinc-methyl, 
a crystalline compound of great beauty and very different in 
appearance from the crystalline compound between iodide of zinc 
and zinc-ethyl. This compound, containing probably one 
equivalent of zinc-methyl combined with one equivalent of iodide 
of zinc, I regard as the representative of the so-called iodide of 
mercury-methy] obtained by Frankland. 


ee ee a eo 


os 


i el 


WANKLYN ON ZINC-METHYL. 127 


Double zinc compound. Double mercury compound. 
C,H C,H 
Zn, {v2 3 Hg, i 3 


Passing on to the properties of the half-ounce of zinc-methyl, 
whose preparation I have just described :—It was highly inflam- 
mable and acted upon water with explosive violence, agreeing 
with Frankland’s description of that compound. In one 
particular, however, our observations do not accord with one 
another. The poisonous nature of the fumes, their action upon 
the nervous system, which Frankland mentions,* I have not 
been able to verify. I have distilled zinc-methyl more than a dozen 
times, and been much exposed to its fumes, and still have not 
been able to mark any particular effect upon myself. 

In addition to the properties detailed by Frankland, I have 
to record that zinc-methyl in a state of purity, is very per- 
manent. If carefully excluded from the atmosphere, it will bear 
without decomposition a temperature of at least 200° C. 

At about 270° C. it begins to be reduced to metallic zinc and 
hydro-carbon gases. 

I have made an analysis of the sample of zinc-methyl with the 
following results :— 

I. -1134 grm. of the liquid were passed up into a graduated 
tube standing in the pneumatic trough and filled with water. 


| Hydride of methyl was evolved, measuring 48°77 cubic- 


centimeters (dry) at 760 m.m. pressure and 0° C. This equals 
‘034898 grm. by weight :— 


Hydride of methyl per cent. =30°77. 


II. -1172 grm. similarly treated gave -0361 grm. of hydride 
of methyl or 30°83 per cent. 

The theoretical percentage of hydride of methyl, which pure 
zinc-methyl] should give on treatment with water equals 33°51. 

These results do not depart from the theoretical quantity 
further than that which Frankland published ten years ago. 
His percentage of hydride of methyl was 29°91. 

In estimating the value of these determinations, it should be 
borne in mind that the quantity of hydride of methyl obtained 
represents its equivalent of unoxidized zinc-methyl. The slightest 
oxidation tells enormously upon the analysis; for not only does 


* Ann. Ch. Pharm. lxxi., page 214. 
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the oxygen lower the percentage of methyl by its presence, but by 
combining with a certain amount of zinc-methy]l, it still further 
lowers the percentage of methyl which can decompose water. 

The great violence of the reaction between zinc-methyl and 
water is also a source of loss, especially when water and not 
mercury is the confining fluid, as was the case in both 
Frankland’s analysis and my own. 

A determination of the vapour-density by Gay Lussac’s method 
was also made. ‘1163 grm. of zinc-methyl were employed. The 
temperature to which the vapour was exposed was 100° C; the boil- 
ing point of the compound lying between 50°C and 60°C. The ex- 
periment gave 3°29] asthe vapour density of zinc-methyl. If, as 
seems likely, the condensation of this compound is analogous to that 
of its ethyl representative, the theoretical vapour-density is 3-299, 
a number which is nearly identical with that found by experiment. 

The accurate determination of its boiling point, and also of the 
specific gravity in the liquid state, I hope shortly to have an 
opportunity of making, as I expect at no very distant period to 
be in possession of several ounces of pure zinc-methyl. 

I cannot conclude this paper without calling attention to the 
very remarkable state of condensation, disclosed by examination 
of the vapour-densities of zinc-ethyl, zinc-methyl, mercury-ethyl, 
mercury-methyl, and indeed of all the so-called organo-metallic 
bodies so far as has yet been investigated. 

It has been said, the metals are the strict representatives of 
hydrogen; and yet, in not a single compound of a metal with 
a hydro-carbon radical, has the metal been found in the state of 
condensation of hydrogen. 1f we write the formule of equal 
volumes of several of these bodies, we arrive at the following 
expressions :— 


Zinc-methyl. Zinc-ethyl. Mercury-methyl Mercury- -ethyl 
C,H, C,H . C,H, C,H, = 
cut amg 3 CHS Zn; oy} Hess C.H, sh Hes; 
Distann-methyL Distann-ethyl. 

C,H, C,H, 

C,H C,H 

C.H, Sn, ; C,H. Sn. 

C,H, C,H, 


Writing also the formule of equal volumes of the hydrogen and 
oxygen terms for comparison with the former :— 
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Hydride of methyl. Hydride of ethyl. Methyl-ether. Ethyl-ether. 

“ata . | ont O ciate O 

Hs ” H C,H;5 ~? C,H,;5 ~* 

Inspection of the above shows that, considered as to the state 
of condensation in their hydro-carbon compounds, the metals do 
not represent hydrogen: mercury and zinc represent oxygen. 

Nor is this peculiarity confined to the organic case. Deville 
and others have recently taken the yapour-density of various 
metallic chlorides and have found that these likewise are present 
ina more condensed form than their hydrogen representative. 


Whereas the formula of hydrochloric acid is at , the formula ¢ 


an equal volume of metallic chloride is ot or cit &e. 
2 6 


XV.--On some derivatives from the Olefines. 


By Frepericx GUTHRIE. 
III. 


Tue introduction of nitroxine* into organic bodies, and the forma- 
tion of the so-called nitro-compounds, has been hitherto effected, 
with apparently a single exceptiont by the action of nitric acid, 
either alone or in presence of sulphuric acid. The reason of this is 
obvious :—such introduction has, in every case, consisted in the 
replacement of hydrogen by nitroxine. The nitric acid offers its 
fifth atom of oxygen to the hydrogen being replaced, while, the 
nitroxine replaces it, Such replacement is of course double 
recomposition expresssed generally by the equation, 


C,,:---H, + p(ONO,) = C,...-Hy,(NO,) + pHO 
and is quite parallel to the reaction attending the formation of 


*It will be found convenient to call NO, nitroxine, a compact term, recalling 
the analogy which this molecule bears to chlorine, iodine, ete.: Accordingly the 
nitrites, MONO., will be nitroxides MNO, as has been sometimes proposed. 

Further regarding the nomenclature, as with the chlorides, C,H,Cl, is bichlor- 
ethylene, C,H 4Cl, bichloride of ethylene, etc.:—So with the nitroxides: 

C,,H;NO,, Nitroxinapthaline 
10H.2N0O,, Binitroxide of Amylene, etc. 
tSee below; nitroxinapthaline. 
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the chlorine substitution derivatives obtained by the action of 
chlorine, 


C,,--++-H, + p(Cl Cl) = C,....Hp,Cl + pHCl 


and probably also to that which occurs when chlorine is introduced 
by means of hypochlorous acid. 

The formation of binitroxide of amylene, C,,H,9-2NO,, by the 
action of nitric acid upon amylene,* immediately suggested the 
question :—May the olefines whose privilege it is to combine 
directly with two atoms of the halogens, without elimination of 
hydracids, behave in a similar manner towards nitroxine ? 

If nitroxine, prepared by heating anhydrous nitrate of lead, be 
passed through an empty bottle and then into a flask containing 
amylene, the gas is instantly absorbed and the amylene gradually 
becomes converted into a pasty mass of minute crystals. To 
avoid loss, the flask containing the amylene should be surrounded 
by a freezing mixture. The product is thrown upon a filter, 
washed with cold alcohol in order to remove an oily liquid which 
accompanies the crystals, then recrystallised from boiling ether, 
and dried in vacuo over sulphuric acid. 


I. 02682 grm. gave 0'3664 grm. carbonic acid and 0°1572 water. 
II. 0°2290 grm. gave 32:3 cc. of nitrogen at 760 mm. and 0° C 
which gives, 


Calculated Found 

I. I. 
C, - + 387.09 37°26 . 
H, - + 618 651 a 
N, . . 17:28 is 17°66 
O; ° ° ” 2 33 


This substance is therefore the binitroxide of amylene C,,H,,. 
2NO, and is identical with the crystalline body obtained by the 
action of nitric acid upon amylene (see II). It is curious as being 
the only known nitroxine-isotype of Dutch liquid, but more 
remarkable, in this latter manner of its formation, as furnishing 
the only instance in organic chemistry of the behaviour of free 
nitroxine as a halogen without the elimination of hydrogen. 
Bintroxide of amylene is but slightly soluble in cold, but readily 
in boiling alcohol ; it dissolves in ether and in bisulphide of carbon 


*See IT, 
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but is perfectly insoluble in water. It crystallises in small square 
and rectangular, colourless, transparent plates. 

Heated by itself in a dry tube, binitroxide of amylene decom- 
poses exactly at 95°C., giving rise to a gas and to a liquid heavier 
than water. The decomposition of a portion having been effected 
in a very strong sealed tube by heating to 100° C., the tube on 
opening gave off much gas, which reddened moist litmus paper. 
Another portion was treated in the same way in presence of 
water. After opening the tube, neutralizing the acid water with 
ammonia, filtering, and evaporating to dryness on a water bath, a 
residue was obtained, which gave off nitrogen on being heated. 
Accordingly, the gas evolved from the binitroxide of amylene was 
nitrous acid, NO,, or nitroxhydric acid HNOQ,. 

The next point was to determine the nature of the liquid 
product, the supplementary factor to binitroxide of amylene, which 
appears in the preparation of that body. 

The filtrate and alcoholic washings from binitroxide of amylene, 
after evaporation for some hours on a water bath, washing with 
water and drying, yielded an amber-coloured transparent liquid, 
heavier than water and immiscible with it. 


Neither this liquid nor the binitroxide of amylene underwent 
any change on being kept for several days in an atmosphere of 
nitroxine. 

On analysing the liquid : 

02586 grm, gave 0°3882 grm. of carbonic acid and 0:1717 
water. 


The substance whose composition corresponds most closely with 
these numbers, is a mixture of equivalent quantities of bini- 
troxide of amylene with nitrate of amyl. 


C,H,o-2NO, 
C,H, 0.NO, 
C .. 40.67 40°94. 
H.. 7.12 7-37 


_ Although the presence of amyl would point to the disintegration 
of another molecule of amylene, the above given composition of 
this mixture is rendered probable on the following grounds ;—On 
heating to 95° C.,* it undergoes decomposition, whereupon the 
temperature rises spontaneously to 170° C., and the greater 


Found. 


* Identical with that at which C,,H,,.2NO, is decomposed 
K 2 
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quantity of the liquid passes over. On rectifying, a portion was 
obtained which boiled almost constantly at 160° C. Of this, 


0°2263 grm. gave 0°3850 grm. carbonic acid and 0°1712 grm. 


Found, 

C,,H,,ONO, 
ee im 45°11 46°40 
we oa 8.27 8.40 


On boiling a portion of this distillate with an alcoholic solution 
of caustic potash, nitrate of potash was formed. The original 
liquid also gave rise to nitrate of potash under the same 
circumstances. 

Nitrate of amyl also appears among the liquid products formed 
when binitroxide of amyiene is heated by itself. 

Heated with quick lime, binitroxide of amylene gives rise to an 
aromatic body, differing from valeral and probable amylenic ether 
C,oH,,0,. 

The actions of sulphide of ammonium, nascent hydrogen, and 
other reducers, upon binitroxide of amylene, will be well worthy 
of study. 

As yet, my attempts to combine nitroxine with ethylene have 
not been successful. 

Neither protoxide nor binoxide of nitrogen has any action upon 
amylene. The affinity of amylene for nitroxine is so great that 
by means of this hydrocarbon, a very small trace of nitroxine 
may be detected in the above named nitrogen-oxides. Thus if 
amylene be added through a funnel tube to a flask containing copper 
and nitric acid which is kept quite cold and from which the 
evolved gas has expelled the air, crystals of binitroxide of amylene 
are continuously though slowly formed; but if the binoxide of 
nitrogen be first absorbed by protosulphate of iron and then 
expelled thence by heat* and made to pass through amylene in an 
apparatus from which a current of carbonic acid has expelled the 
air, no change occurs. 

Nitroxinapthalin. (Nitronapthalin.) 


The laborious reseaches of Laurentf and others have long since 
established the claim of napthalin to be an olefine. It combines 
directly with chlorine to form bichloride of napthalin C,,H,Cl,, 
and although it may unite with four atoms of halogen as in the 


* Bunsen’s Gasom*try, Engl. Ed. p. 51. 
+ Ann. Ch. Phys., *8%5) lix. 
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quadrichloride C,,,H,Cl,, in the terchloro bromide C,,H,Cl,Br, and 
in their numerous idiotypes, 
C,,H,C1,Cl, quadrichloride of bichlornapthalin. 
C,,H,Br,Cl, quadrichloride of bibronapthalin, 
ete. etc. 


yet, as we have already seen in examining the behaviour of 
ethylene and amylene towards chloride of sulphur, and as we shall 
abundantly see in the sequel, this assumption of four haloid atoms 
is quite consistent with the nature of the olefines *isotypic with 
ethylene. Like ethylene, napthalin combines with anhydrous 
as well as with hydrated sulphuric acid, and finally in napthalamine 
C»H,HN we find it still preserving the biatomic character of an 
olefine, taking the place of two atoms of hydrogen. 

Laurent’s examination of the action of nitric acid on napthaline 
resulted principally in the discovery of three nitroxine-replacement 
derivatives, idiotypic not with the bichloride of napthalin, but 
with napthalin itself. 

Nitroxinapthalin . ° . C,,H,(NO,) 
Binitroxinapthalin ‘ . C,H,(NO,), 
Trinitroxinapthalin - CyH;(NO,), 


Bearing in mind, on the one hand, the analogy which these 
bodies have to the chlorine-idiotypes of ethylene, and on the other, 
the above described direct union of amylene with nitroxine, we 
might @ priori expect to obtain nitroxide of napthalin or 
binitroxide of napthalin by the action of nitroxine on napthalin. 
So that, although Laurent gives this reaction as a method of 
preparing nitroxinapthalin, yet, as no analysis appears to have 
been made of the body so produced, I thought it worth while to 
comfirm Laurent’s experiment. 

If napthalin be thrown into a flask containing an excess of 
nitroxine, considerable heat is developed, scanty white fumes are 
formed, which quickly subside, and an oily liquid results which 
solidifies on cooling. To ensure complete reaction, the flask is corked 
with an excess of nitroxine, and the product is repeatedly, shaken 
and melted. After re-fusion under water, drying, and recrystallisa- 
tion from ether, a product was obtained which gave on analysis 

0:4202 grm. gave 10707 grm. CO, and 0°1590 grm. water, 


C,H, (NO,) Found. 
C . . 69°36 69-49 
H . . 405 4-20 
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The substance formed is therefore undoubtedly nitroxinapthalin. 
We accordingly find that nitroxine, in its behaviour towards 
napthalin, more closely resembles bromine than chlorine; for 
while the former gives bromonapthalin, the latter gives bichloride 
of napthalin, 


C,H, + 2Cl = C,,H,Cl, 
C,,H, + 2Br = C,,H,Br + HBr 
C,H, + 2NO,= C,,H,NO, + HNO,, 


Bisulphochloride of Ethylene. 

Although, as before shown,* ethylene and bisulphide of chlorine 
are without appreciable action on one another under ordinary 
circumstances of temperature, etc., and although a temperature 
of 139° C., effects a disintegration of the ethylene-moleculef. 

I have again sought to unite the two directly, because the result- 
ing body, if it resemble its amylene-isotype, would give rise toa 
highly important series of derivatives.t If bichloride of sulphur 
be exposed in a stoppered bottle in an atmosphere of dry ethylene 
to direct sunlight, the two unite slowly but almost completely, 
hydrochloric acid however being liberated. 

If a few grammes of bisulphide of chlorine be placed in a well- 
stoppered bottle which is then filled by displacement with ethylene, 
the waxed stopper inserted and covered with sheet-caoutchouc, 
and the whole be completely immersed for twenty hours in boiling 
water, very complete absorption is found to have taken place on 
opening the bottle, while only a trace of hydrochloric acid 
is formed. The bottle may be then refilled with ethylene and the 
same operation repeated three or four times. The resulting 
product is then shaken up with warm water, dried, digested with 
ether, filtered, evaporated in vacuo till the ether is expelled, 
dissolved again in a minimum of ether filtered, and evaporated 
in vacuo. 

grm. grm. grm. 
T, 0°3058 gave 0°2908 carbonic-acid and 0°1184 water. 
II. 02197 ,, 0°2356 water. 
III. 01798 ,, 0°2638 chloride of silver. 
IV. 0:2829 ,, 0°6934 sulphate of baryta. 


* Niemann. Ann. Ch. Pharm. exiii. 3; F. Guthrie, did. 
+ Chem. Soc. Qu. J. March, 1860. 
+ See Memoir iv. 
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Found. 
C,H,S,Cl I. il. iII. iv. 
C= 2513 25°93 7 ba : 
H= 419 430 (433) a nd 
S = 33°51 - 89 os 33°47 
Cl= 37°17 ” » 36°29 » 
100-00 100°01 


This substance is, according to the previously adopted 
nomenclature, the bisulphochloride of ethylene, C,H,.S,Cl. 

Bisulphochloride of ethylene has a not unpleasant but 
indescribable smell; its taste is intensely sweet and pungent. 
Like the bichlorosulphide of ethylene, its annoying effect upon 
the eyelids is very enduring ;* Its colour is a pale yellow; specific 
gravity 1-346 at 19 C.° Like the previously described chlor-sulphur 
compounds of the olefines, it is decomposed by heat and gives off 
an insupportable smell. 

In the next communication, I shall describe the action of 
anhydrous and hydrated oxides upon this substance, and the 
behaviour of it and its isotype, bisulphochloride of amylene, upon 
some of the metal-radicles. 


XV1.—Contribution towards the history of Cinnamic Acid. 


By Davip Howargp. 


Norwirustanpiné the experiments of Gerhardt and Cahours, 
and the subsequent researches of Blyth and Hofmann, the history 
of cinnamol and its derivatives is far from being complete. To 
fill up some of the gaps still existing, 1 engaged in some experi- 
ments upon this interesting group of substances. In the prosecu- 
tion of my enquiry, I had an opportunity of observing some facts, 
which I beg to lay before the Chemical Society. 

Liquid storax treated in the usual way afforded the crude 


* A drop placed heneath the tongue destroys the epidermis and causes 4 soreness 
which lasts many days. 
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cinnamic acid for the experiments. For the purpose of purify- 
ing it, I adopted the plan recommended by some chemists, of 
submitting the crude product to careful distillation. To my 
surprise, a large portion of the distillate came over in the form of 
a permanent liquid. The smaller portion, which solidified on 
cooling, was purified by crystallisation and converted into a silver 
salt.. The silver determination gave the following result : 


‘2090 grm. of the silver-salt left on ignition 
09850 grm. = 47°13 per cent of metallic silver. 


The percentage of silver in benzoate of silver being 47°16, it 
was obvious that the solid distillate consisted of benzoic instead 
of cinnamic acid. To find whether this benzoic acid was present 
in the original crude acid, or whether it had been formed by the 
destruction of cinnamic acid, a portion of the crude acid was 
recrystallized and converted into a silver-salt. . 


5735 grm. of this salt left on ignition 
°2500 grm. of metallic silver = 43°59 per cent. 


42°37 being the percentage of silver in cinnamate of silver, it 


could not be doubted that the crude acid employed contained an 
appreciable admixture of benzoic acid. It was therefore further 
purified by solution in alcohol and crystallisation by spontaneous 
evaporation of the solvent, when large regular crystals were 
obtained, which, on analysis of a new silver-salt, proved to be pure 
cinnamic acid. 


*5170 grm. left -2190 = 42°36 per cent. of silver 
5085 grm. left °2150 = 42°28 per cent. of silver. 


These numbers coincide with the theoretical percentage of 
cinnamate of silver. 

A careful distillation of this pure acid, afforded, together with a 
large portion of an oily product, a small quantity of an acid which 
solidified in the neck of the retort. This acid was converted into 
a silver-salt and in this form submitted to analysis :— 


2255 erm. left on ignition ‘0955 = 42°35 per cent. of silver, 
‘2165 grm. left on ignition ‘(0915 = 42°27 per cent. of silver. 


The distilled acid was therefore undecomposed cinnamic acid. 
In other experiments in which the acid was submitted to a still 
slower distillation, the whole of it was entirely decomposed and 
converted into liquid products of decomposition. 
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Thus it would appear that cinnamic acid, contrary to the state- 
ments of most Manuals, is decomposed when kept at a boiling 
heat, and that it can only be distilled even partially unchanged, 
when very rapidly heated, care being taken to carry over the 
vapour as quickly as possible by keeping the upper part of the 
retort at a very high temperature. 

In order to find whether cinnamic acid would decompose when 
maintained for a long period at a somewhat lower temperature, a 
portion of the acid was sealed up in a glass tube, and heated for 
several hours to 200°C. in a paraffin bath; no change however 
took place. 

Another portion was similarly heated in presence of water. It 
remained likewise unchanged, the silver-salt yielding the following 
percentage :— 


‘4805 grm. gave ‘2040 = 42°45 per cent. of silver. 


The fluid which is formed by the action of heat upon cinnamic 
acid, proved on investigation to be almost pure cinnamol ; the 
boiling point remained constant at 145° C., till the greater part 
of the liquid had passed over, when the temperature rose rapidly, 
leaving in the retort a resinoid mass of metacinnamol. By treat- 
ing the liquid with bromine the characteristic crystalline dibromide 
of cinnamol was obtained; and by exposing a portion sealed up in 
a tube to 200°, it was entirely converted into a glassy mass 
of metacinnamol, which when submitted to a still higher 
temperature, was reconverted into cinnamol. 

These properties identify the oily product of decomposition of 
cinnamic acid with cinnamol, or what is the same thing, with 
styrol, although it appears that the tendency to pass into the solid 
condition is perhaps less marked in this liquid than in styrol, a 
fact noticed by other observers in cinnamol formed by the usual 
process. When very carefully heated, cinnamol obtained by the 
destructive distillation of cinnamlic acid may be almost entirely 
distilled without the production of the solid modification. 

The preceding experiments prove that at a temperature very 
near its boiling point, cinnamic acid is decomposed into cinnamol 
and carbonic acid, according to the equation, 


C,,H,O, = C,,H, + 2CO,, 


a decomposition similar to the transformation into benzol and 
carbonic acid, which benzoic acid undergoes when its vapour is 
passed through a red hot tube. 
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The cinnamol thus obtained from cinnamic acid amounts to from 
a fourth toa third of the acid employed, so that this reaction 
furnishes a method of preparing cinnamol much more easily 
and much more copiously than it could be hitherto obtained. 
Cinnamol obtained in this manner is perfectly free from benzol. 
It is well known that the liquid obtained by the usual process 
viz., distillation of cinnamic acid with lime and even baryta, consists 
of a mixture of hydrocarbons, in which so large a proportion of 
benzol is present, that some chemical Manuals state the boiling 
point of cinnamol at 89° C., proving that the proportion of cinnamol 
in these mixtures is excessively small. The dry distillation of 
pure cinnamate of lime likewise furnishes cinnamol quite free 
from benzol, thus affording a remarkable contrast to the behaviour 
of a mixture of cinnamic acid and excess of lime. 

The crude cinnamol obtained from either cinnamic acid or 
cinnamate of lime, contains a small quantity of a crystalline 
substance which may be separated from the more volatile 
cinnamol by distillation with water; the formation of metacinnamol 
is thus in a great measure prevented, and the substance in question 
may be extracted from what is left in the retort by alcohol, from 
which it crystallises. When purified by several crystallisations 
from boiling alcohol, which dissolves it freely, while cold alcohol 
retains a comparatively small portion, the crystalline substance 
presents itself in the form of brilliant pearly scales which on 
analysis gave the following results :— 


I. 1563 grm. gave ‘5341 carbonic acid and ‘0992 water. 
II. -2600 grm. gave ‘8605 carbonic acid and *1545 water. 


These numbers represent a hydrocarbon C,,H, or a multiple of it, 


Theory Experiment 

; I. II. 

ee ae 93:19 93°76 

Be .wtmiie@ o- -&: oT 7-05 6:86 
90 100-00 


The crystalline substance when gently heated with bromine, 
gives rise to the formation of a bromine-compound which is 
only slightly soluble even in boiling alcohol. The hot solution 
deposits on cooling, minute scales exhibiting a slightly reddish 
tint. On analysis the following results were obtained :— 
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I. 2780 grm. gave ‘5060 carbonic acid 0-985 water, 
II. 1915 grm. gave *2120 bromide of silver, 
III. :2020 grm. gave ‘2255 bromide of silver. 


The formula C,,H,Br requires the following values which I 
place in juxtaposition with the experimental numbers :— 


Theory Experiment 
4 I. mW. 
C, . + 84 49-41 49-64 
6 6 3.53 3.68 
Be. - 80 47°06 —— 47:10 47°50 
170 100°00 


The formation and composition of the bromine-compounds 
could leave but little doubt that the crystalline hydrocarbon must 
be represented by the formula C,,H,,. 

A hydrocarbon of precisely the same composition, and exhibiting 
also the general characters of the substance derived from cinnamic 
acid, was described some years ago by Laurent. He obtained 
the body which he calls “stilbene,” together with another 
crystalline body, “thionessal,” in the destructive distillation of 
hydride of sulphobenzoil thus, 


Hydride of Sulphobenzoil Stilbene Thionessal 

8 C,,H,.S, = 2C,S, + 6HS + 2C,,H,, + C,,H,,S,. 
In order to establish the identity of the two substances, I have 
prepared a quantity of stilbene, according to Laurent’s process - 
In repeating the experiments of Laurent, I observed all the 
phenomena described by that chemist. 

On comparing the stilbene procured in this manner with the 
erystalline substance obtained from cinnamic acid, it was impos- 
sible to doubt their absolute identity. I have nothing to add to 
Laurent’s description, except that stilbene prepared by the dry - 
distillation of either hydride of sulphobenzoil, or of cinnamic acid, 
fuses at 125° C. 

The transformation of cinnamic acid into stilbene is obviously 
the result of a destructive process, which does not admit of 
simple representation in formule. 

The experiments which I have described were performed in 


Dr. Hofmann’s laboratory. 


XVII.— Action of Sodium upon Iodide of Methyl mixed with Ether. 
By J. A. WankKLYN, F.R.S.E., anp F. Bucketsen, Pu.D. 


Pure methyl has not yet been obtained. Kolbe’s method, viz., 
electrolysis of an acetate, yields methyl always contaminated by 
some foreign body, probably oxide of methyl, which cannot be 
completely removed. 

Frankland’s method, viz., decomposition of iodide of methyl by 
zinc, also gives a mixture, which, in this case, consists of hydride 
of methyl and free methyl. This hydride of methyl, Frankland 
regards as a secondary product, formed after the gas has left the 
production tube, and due to decomposition of moisture by some 
zinc-methyl, with which the gas, as it issues forth, is invariably 
accompanied. 

Bearing this circumstance in mind, we determined to try the 
action of sodium upon iodide of methyl. Since sodium-methyl 
cannot be prepared by such a process, we expected to obtain pure 
methyl. Our expectation was not realized, as will appear in the 
course of the paper. 

The iodide of methyl used in our experiments, boiled constantly 
at 43° C. 

_ We enclosed in a glass tube some sodium along with a few 

grammes of iodide of methyl and ether. In order to insure the 
absence of moisture, we next made a short preliminary digestion in 
the water-bath. Then we let out the first portion of gas, which 
was no doubt contaminated with products due to traces of water 
adhering to the materials employed in the experiment. After- 
wards we resealed the tube, heated again to 100° C., and collected 
the gas over boiling water. After having stood in contact with 
water during a night, the gas was analysed according to the method 
employed by Bunsen. 

We give the particulars of the analyses :— 

The gas was divided into two portions, one of which was placed 
in the combustion eudiometer, and the other in the absorption 
tube. 
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1.—IJn the Eudiometer. . 


Volume re- 
Yoone| Tent rman noo 
pressure 
meter 
Volume of gas taken .. ve -.| 72°00 | 26°9°C.) 0°15085 '9°8876 
; Volume after addition of oxygen ..| 180°96 | 27°1° | 0°25844 42°647 
7 Volume after addition of air .. oe 34090 26°2° | 041561 15928 
Volume after explosion = oe "30854 ~ 26 7° | 038336 107°74 
é Volume after absorption of CO, «.| 275°42 "25-5" 0-878 95°221 
l Volume after addition of Hydrogen..| 375°0 267° 0°4717 16113 
, "Volame after explosion de «| 352°98 | 27°3° | 0°3575 82°23 


II.—Jn the absorption tube. 


Volume re- 
Tempe- duced to 0°C. 
Volume rature Pressure and 1 meter 

pressure 

meter 
Volume of gas taken .. a --| 93°70 26°9° | 0°65305 55°706 
Volume after the action of potash , Imm : : 
and pyrogallic acid .. z 90°68 26°6 0°6781 55°591 
Volume after the absorption of olefines| 82°8 25°5° | 0°6675 50°551 


Some gas after the removal of CO,, oxygen and olefines, was 
transferred from the absorption tube to the eudiometer. Its 
analysis gave the numbers following :— 
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IIl.—/Jn the Eudiometer. 


Volume re- 
Tempe- duced to 0°C. 
rature Pressure and 1 meter 
pressure 


Volume 


meter 
Volume taken .. 4 oe ae 84°32 -| 0°16676 12°809. 


Volume after the addition of oxygen ..| 39936 0-48686|  177°12 


Volume after explosion va we | 86495 ‘| 046243] = 16011 


Volume after the absorption of nse | 330-25 ’ 0°4463 184-99 
bonic acid .. os oe 


Another analysis of the same gas yielded :— 
IV.—In the Eudiometer. 


Corrected at 0° C. and one meter pressure 


Volume taken 


Volume after the addition of oxygen 


Volume after explosion 


Volume after absorption of co, 


A third analysis of the same gas gaye :— 


V.—In the Eudiometer. 


Corrected at 0°C. and one meter pressure 


Volume taken te 6 >i 


Volume after the addition of oxygen 


Volume after the addition of air .. 


Volume after explosion and absorption of CO, .. 


Volume after addition of hydrogen 


Volume after explosion 


UPON IODIDE OF METHYL MIXED WITH ETHER. 143 


Analysis II. shows that the gas was free from carbonic acid and 
oxygen. It also shows that 55°706 volumes of the gas contained 
5°155 vol. of olefines. 

In percentage C,H, ° - 98 
Gas freed from C,H, . - 90°7 


100°0 


Analysis I. shows that 9°8876 vols. of gas contain 0°368 vol. of 
nitrogen. In percentage nitrogen = 3°7. 

Analysis V. of the gas free from C,H, shows that 18°037 vols. 
contain 0°21 vol. of nitrogen, or 90°7 vols. contain 1°05 vols. of 
nitrogen. But 100 vols. of the original gas contain 90°7 vols. of 
gas free from C,H,. Therefore, 100 vols. of the original gas 
contain 1°05 vols. of nitrogen. 

The determination of nitrogen at the end of a hydro-carbon gas 
analysis is subject to a little irregularity, inasmuch as the small 
quantities of air introduced in the course of the analysis, tell in the 
aggregate upon the final nitrogen determination. 

Adopting the mean of our two results, we have 2°4 for the per- 
centage of nitrogen. 

From Analysis I. we obtain :— 

In percentage. 
Original gas . ‘ . 98876 100-0 
Nitrogen ‘ ‘ - 0237 2°4 
Combustible gas. - 96506 97°6 
Oxygen consumed . . 244084 246°9 
Carbonic acid formed . 12519 126°6 


Analyses III., IV., and V., all of the residual gas after removal 
of C,H, give :— 


III. IV. v. Mean, 
Combustible gas . 12°507 10°091 17°560 88°3. 
Oxygen burnt - 29°623 25°059 43°430 215°7 
Carbonic acid formed 15°120 12°80 — 109°1 
To arrive at the condensation of the olefines we make use of the 
following data :— ’ 
100 vols. of the original gas are composed of, 


9°3 vols. of C,H,. 
2°4 vols. of nitrogen. 
88°3 vols. of residual hydro-carbon. 
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And on combustion furnish, 


246°9 vols. oxygen consumed. 
126°6 vols. carbonic acid. 


88°3 vols. of the residual hydro-carbon gas furnish 


215-7 vols. oxygen consumed. 
109°1 vols. carbonic acid. 


Hence the 9°3 vols. of C,H, furnish 


31:2 vols. oxygen consumed. 
17°5 vols. carbonic acid. 


The C,H,, therefore, has the condensation of ethylene, which 
requires, 
Vol. taken . . 10 


Oxygen burnt . 3°0 
Carbonic acid . 20 


With so low a percentage of C,H, as is present in the gas 
under examination, great accuracy in the determination of its con- 
densation is not to be expected; the very indirect manner of 
arriving at the result having the effect of concentrating the errors 
of the whole analysis upon the small percentage of olefine. 

The 88°3 vols. of hydro-carbon must consist, for the most part, 
of marsh gas. Some other more complex hydro-carbon is also 
present; but what other, cannot be revealed by a mere combustion 
analysis. If the hydro-carbon be very complex, then the percent- 
age of marsh gas must be high; if less complex, then the percent- 
age of marsh gas falls. 

Assuming that the accompanying hydro-carbon is methyl, in 
which case the proportion of marsh gas reaches its lowest, we have 
for the composition of the gas 

CB... ° - 98 
Nitrogen ° - 24 
Hydride of methyl. 65°0 
Methyl . ° » 23°3 


100°0 


As is well known, a combustion cannot distinguish marsh gas 
from a mixture in equivalent quantities of methyl and hydrogen. 
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That our marsh gas was such a mixture, was highly improbable. 
Direct proof we have nevertheless sought in another experiment. 

We made a fresh quantity of gas, collected it over strong 
alcohol (previously boiled) and shook it up therewith. Since 
methyl is very much more soluble in aleohol than is hydrogen, the 
gas discharged from this alcohol by boiling, should have been very 
rich‘in methyl. After washing with water, however, it yielded on 
combustion numbers agreeing with the composition of hydride of 
methyl, viz. :— 

Contraction. Carbonic Acid. 


10°31 : 5°27 


Hydride of methyl requires contraction to carbonic acid in the 
ratio of 2:1. 

This gas also contained hardly any olefine, viz., only 2°7 per 
cent. 

We have thus established the following conclusions :— 

At 100° C. sodium decomposes iodide of methyl in presence of 
dry ether, yielding a large quantity of hydride of methy]l. 

The equation expressing the production of the hydride is neither 
of the following :— 

Na, + 2(C,H,I) = 2NaI + C,H, + C,H, 

Na, + 4(C,H,I) = 4NaI + C,H, + 2(C,H,) 
because, the amount of C,H, is too small for the hydride of 
methyl. 

What the product, complementary to the hydride of methyl, 
really consists of, we have not yet been able to determine. 

In conclusion we have to add that we have repeated the experi- 
ment and obtained similar results to those which we have described 
in the paper. With potassium likewise the same peculiarity has 
been observed as with sodium. 

The further investigation of the subject will be made by one 
of us. 
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XVITII.—On the Composition of the Aqueous Acids of constant 
Boiling Point. 


By Henry Enrietp Roscoe. 


Ir is still a very generally received opinion, that a liquid which 
boils unchanged at a fixed temperature must be regarded as 
a chemically homogeneous body. This supposition is not, how- 
ever, borne out either by theoretical considerations or by practical 
experience. 

The proportions in which the constituents of a mixed liquid 
pass, on boiling, into the state of vapour depend upon the propor- 
tions in which the constituents are contained in the liquid, and 
upon the separate tensions of the vapours of these constituents at 
the temperature of ebullition. Although the laws which regulate 
the vaporization of mixed liquids are as yet far from being under- 
stood, it is easy to see that the relations between the several 
tensions and the proportions by weight of the two or more con- 
stituents may be such that, at a given temperature of ebullition, 
the composition of the vapour is identical with that of the liquid. 
As soon as this point is reached, the mixed liquid boils at a 
constant temperature without undergoing any change of com- 
position, and in this respect does not differ from a uniform chemical 
combination. Such mixed liquids possess, however, other proper- 
ties, by means of which they can be easily distinguished from 
definite chemica leombinations. The characteristics by which a 
chemical compound is recognized, are generally considered to be 
(1), that the components of such a combination are united in 
quantities represented by some simple atomic relation; and (2), 
that this relation remains unaltered under a certain change of 
physical conditions. 

From the experiments of Dalton, Mitscherlich, Millon, 
Bineau, and others, it has beer hitherto supposed that most of the 
aqueous acids, and especially hydrochloric, hydrobromic, hydriodic, 
hydro-fluoric, nitric, and sulphuric acids, of very various degrees of 
strength, not only attain a fixed composition when boiled under 
the ordinary atmospheric pressure, but that the liquids thus pre- 
pared are definite chemical compounds of acid and water. In the 
present communication, my aim will be to show that this latter 
supposition is incorrect ; that although liquids possessing constant 
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composition are obtained by boiling the above-mentioned acids 
under the ordinary atmospheric pressure, these bodies cannot be 
regarded as definite hydrates, but that the phenomenon of constant 
composition and fixed boiling-point is to be ascribed to the 
establishment of that particular relation between the weights and 
tensions of the constituents, by virtue of which acid and water are 
contained in the vapour in the same proportions in which they are 
present in the liquid. I shall show, in the first place, that the 
composition of the acids obtained by ebullition under the ordinary 
atmospheric pressure, does not, in the case of any of the acids 
examined, with one exception, agree with that of a simple 
hydrate; and, secondly, that in every case when these constant 
acids are brought under other physical conditions, such as when 
boiled under different pressures, or when a current of dry air is 
passed through them at different temperatures, they are decom- 
posed and attain a different but constant composition, so that a 
mixture of acid and water may be made which, on vaporization 
at a given temperature, does not undergo any alteration in 
composition. 


1. Nitric Acid. 


Dalton was the first clearly to point out that mixtures of nitric 
acid and water, when boiled, undergo such a change that the weak 
mixtures lose water, and the strong mixtures lose acid, until the 
residual liquid attains a specific gravity of 1°42, and boils, under 
the ordinary atmospheric pressure, steadily at 120° C. This 
observation has since been confirmed by the experiments of 
Mitscherlich, Bineau, Millon, and Smith, The residual 
acid obtained by boiling either a weaker or a stronger acid was 
found by these chemists to possess an almost constant composition, 
the analyses giving an amount of nitric acid (HNO,) varying 
from 66 to 70 per cent, on the liquid. From his own experiments 
Mitscherlich concluded, that this acid of constant boiling point 
contains 4 atoms of water to 1 atom of HNO,, whilst Bineau 
and others supposed that this acid consists of 3 atoms of water 
and 1 of nitric acid (HNO,), corresponding to the well-known 
series of magnesian nitrates of the formula RNO,+3HO. 

Owing to the discrepancy in these statements, it appeared of 
interest to determine, as accurately as possible, in the first place, 


whether the acid obtained by distillation under the ordinary 
L2 
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atmospheric pressure has a constant compusition ; and, secondly, 
whether the relation between acid and water is one capable of 
expression in simple numbers. For this purpose, a quantity of 
strong acid was prepared by the usual processes,* and freed 
completely from lower oxides of nitrogen by passing a current of 
dry carbonic acid through the warm liquid. ‘Ihe acid thus 
prepared was perfectly colourless, and free from every trace of 
chlorine and sulphurie acid. The method of determination 
adopted, consisted either in volumetric analysis with a standard 
solution of caustic soda of exactly known strength, or in 
neutralizing the acid with a weighed quantity of pure fused 
carbonate of sodium, boiling the solution, and adding a 
small quantity of test acid or alkali to reach the exact point of 
neutrality, which was supposed to be attained when the litmus 
became blue. The quantity of acid employed for each deter- 
mination was such, that the maximum analytical error, the 
amount of which was determined by control experiments, never 
attained 0°2 per cent: on the liquid. In order to check the two 
methods employed, an acid, which with test alkali was found to 
contain 68°00 per cent. of HNO,, and with pure carbonate of 
sodium gave 68°02 per cent. of HNO,, was neutralized with 
freshly precipitated carbonate of barium, the barium in solution 
being estimated as sulphate; 1°3368 grms. of the nitric acid 
yielded 1°6815 grms. of sulphate of barium, corresponding to 
67°95 per cent. of HNO,. 

The composition which aqueous nitric acid of various degrees 
of strength attains when boiled under the ordinary atmospheric 
pressure, was determined by diluting portions of the pure con- 
eentrated acid to a given extent with water, and, after analysis, 
distilling them in a small retort, the strength of the residual 
liquid being then accurately estimated. The experimental results 
are contained in the following Table, in which Column I gives the 
volume of acid employed ; Column II, the percentage quantity of 
real acid (HNO,) contained in the liquid before distillation; 
Column III, the volume of liquid remaining in the retort; and 
Column IV, the percentage quantity of real acid (HNO,) con- 
tained in the residual liquid after distillation. 


* Millon’s statement respecting the difficulty of separating from the distillate the 
sulphuric acid used for concentrating the nitric acid was nut confirmed. Strong 
nitric acid was easily obtained free from every trace of either sulphuric or hydro- 
chlorie acid. 
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TABLE 1. 


(1) 99°8 . | 958 
(2) 95-2 84°8 
(3) 84:7 71:8 
(4) 77°8 0 69°1 
(5) 74:7 68°1 
(6) 70°5 68°6 
(7) 70°5 68°6 
(8) 65°1 68-0 
(9) 65°1 68°3 


From these experiments it is seen, that nitric acids of widely 
different degrees of concentration attain on boiling a composition 
varying from 68 to 69 per cent. of real acid. The slight differ- 
ences in the composition of the residue here observed, arise from 
the impossibility of performing the experiments under the 
same physical conditions, as overheating the vapour, unequal 
exposure to air, &c., cannot be avoided. This is proved by 
comparing the results of a second series of experiments, detailed 
in Table 2. The distillation was, in these instances, effected in 
a small bulb-tube retort, blown before the lamp, in which the 
ebullition in presence of platinum proceeded more regularly and 
quietly than in the larger retort before employed; the liquid was 
also reduced by boiling to the same volume in every experiment, 
and thus -the causes of variation as much as possible avoided. 
The designation of each column remains the same as in Table |. 


TABLE 2. 


Mean 68:00 
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Hence we may conclude :— 

(1.) That the residual liquid obtained by boiling aqueous nitric 
acid of various degrees of concentration under the ordinary 
atmospheric pressure possesses a constant composition. 

(2.) That the liquid thus obtained contains 68°0 per cent. of 
real acid, and that, therefore, the proportion between acid and 
water cannot be represented by any simple atomic relation, the 
formula HNO, +3HO requiring 70°0 per cent. of HNO,.* 

The boiling-point of the acid, containing 68°0 per cent., was 
found to be 120°5C., under a barometric pressure of 0™-735 ; its 
specific gravity at 15°°5 C. was shown to be 1:414 as a mean of 
two determinations. 

Distilled at other temperatures, the relation of real acid to water 
will, if the phenomenon of constant boiling-poimt depends ‘alto- 
gether on physical causes, be found to be a different one. In the 
following experiments, aqueous nitric acid of various degrees of 
strength, was distilled under diminished atmospheric pressure, 
effected by placing the acid in a retort, the neck of which, drawn 
out and bent at an acute angle, passed through a solid caoutchouc 
stopper into a large bolt-head of 20 litres capacity, furnished with 
a divided manometer-tube, and communicating with the cylinder 
of a large air-pump. By this means the acid could be distilled 
under any wished-for pressure less than that of the atmosphere ; 
by cooling the bolt-head, and by having a large absorbent surface 
of caustic soda in the interior of the flask, it was easy to keep the 
mercury in the manometer tube to within 5 millimetres of the 
required height during the whole course of the distillation. 
Table 3 contains the results of a series of such experiments; 
Column I, gives the pressure in millimetres of mercury, under 
which the distillation took place (7. e., the barometric pressure,— 
the height of the mercurial column in the manometer-tube) ; 
Column II, the volumes of liquid employed ; Column III, the 
percentage of real acid contained in this liyuid; Column IV, the 
volume remaining after distillation ; Column V, the percentage of 
real acid contained in the residual liquid. 


* Calculated percentage composition of the hypothetical hydrates of nitric 
acid :— 


(1st) (2nd) (3rd) (4th) 
H.NO, ‘ - os 77°8 70°0 63 “6 
HO . ° 12 °5 22 ‘2 30 *0 36°4 


100 0 100 ‘0 100-0 100 °0 
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TABLE 3, 
No. a IL. III. IV. V. 
(1) 75mm. | 150 cbe 69 9 50 cbe 66°7 
(2) 50 ,, 20 , 68 °3 5 » 67 °2 
(3) 75 » |150 4 66-9 50 ,, 66 °7 
(4) 68 ,, 20 » 66-5 e 66°8 
(5) 75 5 20 » 66°2 Sw 66 ‘5 
(6) 75 » |120 , 65°1 30 66 °7 
(7) |150 , | 150 ,, 66-9 50 4 67 °6 


Although showing a maximum difference of 1 per cent., owing 
to the acid being mechanically carried over by the irregular 
percussive ebullition, which it is impossible to prevent when nitric 
acid is heated under a diminished pressure, the results obtained 
are still sufficiently accurate to prove, that under a pressure of 


about 70 millimetres of mer- 
cury, when the boiling-point 
lies between 65° and 70°, 
aliquid possessing aconstant 
mean composition of 66°7 
per cent. of HNO, is 
obtained, whilst under a 
pressure of 150 millimetres, 
the equilibrium occurs when 
the percentage of acid 
reaches 67°6. 

The distillation of nitric 
acid under pressures greater 
than that of the atmo- 
sphere, is accompanied by 
considerable experimental 
difficulties, owing to the 
impossibility of bringing 
the acid into contact with 
mercury. These difficulties 
were overcome by employ- 


ing the following arrangement:—The bulb-retort (a) 


Fig. 1. 
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containing the acid, was connected by means of a solid caoutchouc 
stopper with a strong bottle (by, of one litre capacity, containing 
some dilute nitric acid; through the stopper passes a second tube, 
communicating with another similar bottle (c) containing mercury 
(m) and a strong solution of caustic soda (s) ; a divided manometer 
tube (d) dipped into the mercury, and a third tube (e) passing 
through the stopper of the bottle (c) could be placed to any 
required depth into a reservoir of mercury. The bottle (4) being 
immersed in cold water, the increase of pressure was attained by 
pushing the glass bucket (g), filled with pieces of marble, into the 
dilute acid, by means of the stiff iron wire (f), working perfectly 
air-tight through the caoutchouc stopper. Assoon as the mercury 
in the manometer tube had attained the wished-for height, and 
the gas issued from the extremity of the tube (e) under the 
mercury, a portion of the acid in the retort was distilled over, and 
the residue afterwards analyzed. By withdrawing the marble from 
the acid and again immersing it when required, the pressure was 
kept tolerably constant during the whole course of the experiment. 
The numbers in the following Table show, that distilled under a 
mean pressure of 1,220 millimetres of mercury, beyond which it 
was found inconvenient to operate, the composition of the residual 
liquid reached 68°6 per cent. of real acid, being a deviation from 
the acid distilled under ordinary pressures of 0°6 per cent. 


TABLE 4, 
No. if H. Ill. rv. 7; 
(1) | 1260 mn. | 20 ebe. 70°5 5 68'8 
(2) | 1210 ,, | 20 ,, 68°3 5 68°7 
(3) | 1190 ,, | 20 ,, 68 0 5 68-4 
Mean 1220. Mean 68°6 


The numbers in the columns have the same signification as 
those in Table 3, except in the first, in which the sum of the 
heights of the barometric column and the column of mercury in 
the manometer tube is given. 

As it has thus been shown that aqueous nitric acid is a liquid 
which does not give rise on distillation to bodies possessing a 
simple atomic constitution, but that for each temperature a liquid 
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having a constant composition is obtained, it appeared of interest 
to determine for lower temperatures the composition of the acid 
unalterable by vaporization. 

For this purpose, air, completely dried over sulphuric acid and 
phosphoric anhydride, was passed through the nitric Fig. 2. 
acid contained in the burette-shaped vessel, Fig. 2, ——/)\—@ 
until no further change in composition was observed. 
The requisite temperature was obtained by immers- 
ing the burette in a large water-bath, the heat of 
which was kept constant, a weighed U-tube, con- 
taining phosphoric anhydride, being placed between 
the burette and the drying apparatus, to ensure i 
all absence of moisture. Experiments thus conducted = 
for every temperature, show that a point is reached at which the 
composition of the aqueous acid undergoes no further change by 
vaporization. In Table 5, Column I gives the percentage of real 
acid in the liquid before the experiment; Column II, the per- 
centage after the experiment; Column III, the fraction of the 
original volume of acid remaining after the experiment; Column IV, 
the duration of the experiment in hours. 


TABLE 5. 


Passage of dry air through acid at 100° C. 


No. Z, II. | III. | 1¥, 
(1) 68-0 66-2 1 2 hrs 
(2) 64:9 6671 2 tas 
(3) 64°9 66'3 1 a 


Passage of dry air through acid at 60° C. 


(1) | 68:0 669 | 6 hrs. 
(2) 66-9 657s | a oe 
(3) 65.7 652 | } 4 80 ,, 
(4) 65:2 649 | | oP 
(5) 64-9 64°8 20 ,, 
(6) 64-9 64°8 Fy “Ie 
(7) 64° 645 1 “> 
(8) 64°5 Gat 1 “ 
(9) 64-0 645 i “or 
(10) 64:5 64°5 i 6, 
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Passage of dry air through acid at mean temp. of 13° C. 


II. III, 


zm 
° 


66°2 
65°2 
64°0 
64-0 
64°0 
63°3 
63°9 
64-0 


O32 


CO NE OD Or 
ee ee eee ee ee ee 


SN NN fl fll fm 


It is thus seen—(1.) That weak or strong aqueous nitric acid 
through which dry air is passed at 100°, attains a constant com- 
position of 66°2 per cent. of real acid. (2.) That when air is passed 
through the same acid at 60°, the composition becomes constant at 
64°5 per cent.; and (3.) That at the ordinary atmospheric tempera- 
tures—in mean 13°—the equilibrium is reached when the liquid 
contains 64-0 per cent. of real acid. 

The ease with which strong nitric acid is decomposed, even at 
temperatures below its boiling point, is well known. It seems to 
be impossible to prepare the real acid HNO, by employing the 
usual method of distillation, rectification over sulphuric acid, and 
volatilization of the oxides of nitrogen by means of a current of 
dry air or carbonic acid. None of the chemists who have worked 
upon this subject appear to have had the real acid, and I have 
also failed to obtain it, although every care to ensure absence of 
moisture was taken; one colourless acid contained 99°8 per cent. 
of real acid, another 99°47 per cent. The former, nearly anhy- 
drous acid, not only suffered decomposition on boiling, as is seen 
by reference to Table 1, but underwent alteration when a current 
of air perfectly dried over a large quantity of phosphoric anhy- 
dride was passed through the liquid at 15°. In seven hours, after 
which time three-fourths of the acid had been volatilized, the per- 
centage of real acid had sunk to 98°77. This shows that nitric acid 
(HNO,) undergves decomposition, not only when vaporized at the 
boiling point, but also at the ordinary atmospheric temperatures. 


11.—Sulphuric Acid. 


We owe to Marignac the interesting and important observa- 
tion, that real sulphuric acid (HSO,) cannot be obtained by the 
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distillation either of a weaker aqueous acid or of a stronger 
fuming acid. The real acid can only be prepared by crystallisa- 
tion, and, on boiling, is decomposed into anhydride, which 
is seen in the receiver, and a weaker acid remaining in the 
retort. Marignac showed that this weaker residual acid boils at 
338° C, without undergoing change; and he further proved that 
aqueous sulphuric acid of every degree of concentration, whether 
containing more or less water than the real acid ‘HSO,), attains 
this constant composition on boiling. From four separate deter- 
minations, Marignac found that this residual liquid contained 
98°70 per cent. of real acid. 

The following determinations have confirmed in every par- 
ticular Marignac’s conclusions. The analyses were made by 
weighing out the requisite quantities of pure fused carbonate of 
sodium, the exact point of neutrality being estimated by addition 
of small volumes of standard alkali and acid of well-established 
strengths. 

(..) Pure strong sulphuric acid, containing 93°4 per cent. of 
real acid, was distilled in a retort, until two-thirds of the liquid 
had been volatilized. The liquid remaining in the retort con- 
tained 98°7 per cent. of real acid. 

(2.) An acid containing 98°37 per cent. of HSO, was distilled 
in a small retort, until one-fifth of the original volume remained. 
The residue contained 98°32 per cent. of HSQ,. 

(3.) An acid containing 98°37 per cent. of HSO, was boiled 
down in a porcelain capsule to one-third of its original volume. 
The residual liquid contained 98°45 per cent. of real acid. 

(4.) An acid containing 100°33 per cent. of HSO,, and fuming 
in contact with the air at ordinary temperatures, was boiled down 
to one-eighth of its orignal volume. The residual liquid con- 
tained 98°8 per cent. of real acid. 

(5.) Another portion of the same fuming acid, which a second 
analysis showed to contain 100°34 per cent. HSO,, was boiled to 
one-fourth of its original volume. The residual liquid contained 
98°40 per cent, of real acid. 

It thus appears not only that aqueous sulphuric, like aqueous 
nitric acid, attains an unalterable composition not correspouding 
to any definite hydrate, on distillation under the ordinary atmo- 
spheric pressure ; but we also notice, what is very remarkable, that 
both the real acids, HNO, and HSO,, bodies which possess in 
other respects the characteristics of well-defined chemical com- 
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pounds, are decomposed on boiling, yielding that aqueous acid 
which remains unchanged at the temperature of ebullition. 


111.—Hydrochlorice Acid. 


Bineau found that aqueous hydrochloric acid boiled under the 
ordinary atmospheric pressure, attained a composition of 20°2 p.c. 
of HCl, corresponding exactly to the formula HCl+16HO, 
and this liquid he conceived to be a definite hydrate. In a 
research upon the absorption of hydrochloric acid and ammonia in 
water, published in vol. x11, page 128, of the Journal of the 
Chemical Society, which I made in conjunction with Mr. Dittmar, 
this result of Bineau’s was, to a certain extent, confirmed, inas- 
much as the acid of constant composition obtained by ebullition 
under the ordinary atmospheric pressure was found to contain 
20°24 per cent. of HCl; but it was at the same time shown, 
that distilled under other pressures, or vaporized at other 
temperatures, this acid was decomposed, other liquids of constant 
composition being then produced, and the conclusion was there- 
fore drawn that this hydrate has no real existence. The following 
Table 6, extracted from the above-mentioned memoir, gives the 
relation between the pressure under which the acid is distilled, 
and the composition of the constant liquid. The Column P shows 
the pressure in metres of mercury, under which aqueous hydro- 
chloric acid must be distilled to attain the constant composition 
given in the next column. 


TaBLe 6. 


of HCl. , of HCl. of HCl. . of HCl. 


| 
Percentage Percentage ae Percentage 


23°2 i 20°7 
22°9 i 20°4 
22°3 20°24 
21°8 ; 20°2 
21°4 g 19°9 
21°1 ; 19°7 
19°5 
19°4 
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Hence it is evident :—(1.) That there exists for each pressure 
a corresponding aqueous hydrochloric acid, which undergoes no 
change in composition when distilled under this pressure, and 
therefore has a constant boiling point. (2.) That the com- 
position of these aqueous acids is different for each pressure, a 
gradual change in pressure being accompanied by a gradual 
alteration in the percentage of hydrochloric acid. 

When aqueous hydrochloric acid is vaporized by passing a 
current of dry air through the liquid at a given temperature, a 
similar poirt is reached beyond which no decomposition occurs. 
Table 7 contains the interpolated values obtained from the expe- 
rimental results given in the original paper. The first column 
gives the temperatures; the second column gives the percentage 
of HCl contained in the acid, unalterable at the corresponding 
temperature. 

TABLE 7. 


Percentage Percentage me Percentage Percentage 
of HCl. : of HCl. ‘ of HCl. ; of HCl. 


25°0 24°1 23°0 214 
24°9 23°9 " 92°8 21°1 
24-7 23°8 22°6 20°7 
24°6 23°6 22°3 
24-4 23°4 22°0 
24°3 23°2 21-7 


tv. Hydrobromic Acid. 


Léwig first observed that water saturated at the ordinary 
atmospheric temperature with hydrobromic acid gas loses acid 
when boiled, and that water containing but little gas in solution 
loses water under similar circumstances. Bineau showed that 
the composition of the acid obtained by boiling was constant, 
and, his experiments proving that such acid contained from 46:1 
to 47-4 per cent. of HBr, he concluded that oa distillation the 
hydrate containing 10 atoms of water is formed. According to 
theory, this hydrate should contain 47°38 per cent. of HBr, when 
the equivalent of bromine is taken as 80. On exposing aqueous 
acid of the above strength in a closed vessel over dried potash, 
or on passing a current of dry air through the acid, Bineau found 
that the residual liquid contained from 48°7 to 51°7 per cent. of 
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hydrobromic acid ; this he assumes to be a hydrate containing 
9 atoms of water, composed theoretically of equal weights of water. 
and real acid (HBr.) 

For the purpose of determining the exact relation of the 
composition of aqueous hydrobromic acid to the temperature of 
ebullition, the acid was prepared by shaking together pure bromine, 
water, and phosphorus, added in small pieces from time to time, 
until the liquid became colourless, the strong fuming solution 
being freed by distillation from phosphorus and phosphoric acid. 
The pure and colourless acid thus prepared was diluted to a given 
extent with water; and as soon as the percentage of real acid 
(HBr), which the diluted liquid contained had been estimated by 
accurate volumetric analysis with silver, it was boiled in a bulb- 
tube retort, under the ordinary atmospheric pressure, until a 
certain portion of the acid had distilled over, when the composition 
of the residue was determined by exact analysis with silver. 

In Table 8 are seen the results of eight such distillations 
with aqueous hydrobromic acids of various degrees of concen- 
tration : Column I gives the barometric pressure under which 
the acid boiled; Column II, the volume in cubic centimetres of 
acid employed: Column III, the percentage of HBr contained 
in the original liquid ; Column IV, the volume in cubic centimetres 
of acid remaining in the retort after the distillation; and Column 
V, the percentage of HBr contained in the residual liquid, being 
the mean of two analyses, which generally differed only in the 


second decimal place. 


TABLE 8. 
No I re. Ill IV Vv 
m. 
(1) 0°752 | 25 che 45°54 8 ebe 47-38 
(2) 0-752 50 ,, 45°58 a 47°39 
(3) 0-753 | 50 ,, 47:30 | 25 ,, 47 78 
(4) 0-762 | 25 ,, 47-65 | 12 ,, 47 86 
(5) 0-753 | 20 ,, 47-78 ‘ 47 61 
(6) 0-752 | 12 , 47°87 6 ,, 47-73 
(7) 0°752 OD x 49 -00 S 47°71 
(8) 0-762 25 49°51 10 » 47 °84 
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If the distillations are conducted under the same conditions, 
the compositions of the residual acids are identical (see Nos. 4 
and 8); if the physical conditions (barometric pressure, and volume 
of liquid employed) are different, the acid may vary in composition 
about 0°1 or 0-2 per cent., as is seen in one or two of the numbers. 
From the foregoing experiments we see that aqueous hydrobromic 
acid when boiled under the ordinary atmospheric pressure of 0°76 
of mercury, attains a fixed composition of 47:8 per cent. of real 
acid, or contains 0°5 per cent. more acid than Bineau’s hypo- 
thetical hydrate. Under these circumstances it was found to boil 
constantly at 126°C. That the point of constant composition 
which aqueous hydrobromic acid attains on vaporization, is not 
solely dependent upon chemical attractions, but is mainly influ- 
enced by physical circumstances, is still more distinctly seen on 
examining the change which the aqueous acid undergoes when a 
current of dry air is passed through the liquid at a constant 
temperature. Through a liquid containing 47°65 per cent. of 
real acid, dry air was passed at the temperature of 16° for 50 
hours ; after the lapse of this time, the strength of the acid reached 
51°8 per cent., and after the air had passed for 30 hours longer, 
the liquid contained 51°65 per cent. of real acid as a mean of two 


analyses, and had, therefore, attained the point of constant compo- 
sition. Hence it is clear that neither of the supposed hydrates 
of hydrobromic acid has a real existence. In order to determine 
the point of equilibrium for other temperatures, perfectly dry air 
was passed through the acid at 100° contained in the burette 
Fig. 2, and the alteration which the liquid underwent was deter- 
mined. The following results were obtained :— 


Dry air passed through aqueous acid at 100°C. 


P.C. real 
acid. 


(1) 1 vol. acid containing 48-0 p.¢. when reduced to } vol. contained 49°59 
(2) » ” 48°05 ,, 49 07 
(3) ” ” 49°10 ,, 49 °35 
(4) a im 50°10 ,, 49-35 


The aqueous acid was also distilled under a greatly increased 
pressure by help of the arrangement represented in Fig. 3. (a) Fig. 
3 is a small bulb blown before the lamp, to which is fused the 
glass tube (4), communicating by a solid caoutchouc stopper with 
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the divided manometer tube (c), containing mercury, 
After the tube (c) had been filled with mercury to 
the requisite height, the acid was placed in the bulb, 
and then the drawn-out end closed before the blow- 
pipe. The distillation was now commenced and con- 
tinued until the acid had diminished to a given volume, 
when the pressure was read off from the difference of 
height of the columns of mercury in the two tubes. 
For the purpose of obtaining the boiling point of the 
acid under these circumstances, a thermometer was 
inserted into the bulb-tube, and the apparatus made 
air-tight by a joimt of caoutchouc and lead-foil carefully 
wrapped with copper-wire. Under a total pressure of 
1°952 metres of mercury, the acid boiled at 153°C; 
analysis of the residual acid gave the following 
results :— 


(1) Acid containing 48:0 per cent. left after distil- 
lation a residual liquid containing 46°30 per 
cent. of real acid (HBr). 


(2) Acid containing 46°07 per cent. left after distil- 
lation a liquid containing 46°36 per cent. of 
real acid. 


v, Hydriodic Acid. 


Bineau concluded that the liquid of constant boiling point 
obtained by distilling a diluted or a saturated aqueous solution of 
hydriodic acid was composed of 11 atoms of water to one of real 
acid (H1). The residual acid contained, according to his experi- 
ments, from 56°3 to 57:2 per cent. of hydriodie acid, whilst, 
according to calculation, the 1l-atom hydrate requires 56°39 per 
cent. of real acid. Aqueous hydriodic acid was prepared by leading 
into distilled water the gas evolved by heating a mixture of 20 
parts of pure iodine, 14 parts of iodide of potassium and 14 parts 
of phosphorus mixed with a little water. The acid thus obtained 
of any requisite degree of concentration was perfectly colourless 
when preserved out of contact with air, and although the acid was 
always distilled in a current of hydrogen, it still became slightly 
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coloured, but was not decomposed to such an extent as to affect 
the results of the analysis. The composition of the acid before 
and after the distillation was determined by volumetric analysis 
with silver; the results of these determinations, as is seen by 
reference to the following numbers, are closely concordant ; care, 
however, must always be taken to have excess of silver present at 
the commencement of the analysis, otherwise some iodine is 
liberated by the free nitric acid. 


TABLE 9. 


Distillation of aqueous hydriodic acid under the ordinary 
atmospheric pressure. 

Volume of liquid employed in each experiment 25 cbe. 

remaining after each distillation 13 cbe. 


39 3) 
Percentage of real Percentage of real acid 
acid taken. in the residue. 
(1) 56°50 eit. stag! 1085 57°03 
° 56°93 
(2) 56-70 56°94 
56°90 
(3) 57°24 57°03 
57°16 
(4) 57:17 57-03 
57°12 
= ro.y §57-03 
(5) 5876 ‘ (57°10 


Hence it is seen that the acid of constant composition which 
is obtained when aqueous hydriodic acid is boiled under the ordi-— 
nary atmospheric pressure, contains 57-00 per cent. of real acid, 
and cannot, therefore, be considered to be a definite hydrate of 
hydriodic acid. The boiling point of this acid was found to be 
127° C. under a barometric pressure of 0°774 metre. In order to 
ascertain the point of equilibrium for other temperatures, aqueous 
hydriodic acid was vaporized in a current of dry hydrogen gas at 
the temperatures of 16° and 100°. Table 10 gives the results 
of such experiments. 

VoL, XIII. M 
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Taste 10. 


Vaporization of aqueous hydriodic acid in a current of dry 
hydrogen at ordinary atmospheric temperature. 


Duration of the Percentage of real Percentage of real 
Temp. experiment. acid taken. acid in residue. 
ee! a 32 hours ‘a 57°0 an 59°44 
° . (60°36 
(2) 15° .. 641, 5944. 160.38 
?. a .. 6003 .. 60°27 
(4) 17 1. 15 3. 60°27 ‘ores 
2 wae on 60°21... 60°68 
° ? 60°49 
(6) 19° .. —- » GM. tae 


Vaporization of aqueous hydriodic acid in a current of dry 
hydrogen at 100° until half the liquid was volatilized. 


Percentage of real Percentage of real 
acid taken. acid in residue. 
(1) 56:98 ath on 58°49 
(2) 59:78 ec 58:26 
(58°24 


(3) 58-21 sete 958.00 


vi. Hydrofluoric Acid. 


Aqueous hydrofluoric acid, when boiled under the ordinary 
atmospheric pressure, attains, according to Bineau, a constant 
“composition corresponding to the formula HFl + 4HO, and 
containing 35°9 per cent. of anhydrous acid. 

In order to verify this assertion, pure aqueous hydrofluoric 
acid was prepared by leading the gas evolved from a strong acid 
heated in a platinum retort into water, also contained in a 
platinum vessel; the acid thus obtained being then boiled under 
the atmospheric pressure, and the quantity of acid contained in 
the residual liquid determined, by throwing the acid, weighed in 
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a platinum capsule, into a vessel containing an excess of standard 
soda solution. The quantity of free soda was estimated by adding 
a slight excess of test acid, and the point of neutrality was 
considered to be reached when the litmus again became coloured 
blue on adding soda solution drop by drop in the cold. The 
results of a series of experiments thus conducted are seen m 
Table 11, in which Column I gives the volume of acid before 
boiling ; Column II the percentage of HF! contained in the liquid 
before boiling; Column III the volume of HF after boiling ; and 
Column IV the percentage of HF contained in the liquid after 


boiling. 
TaBLe ll. 


36 
36° 


[ 37 
37° 
37° 


26° 12 ins 


From these experiments it is evident that when aqueous hydro- 
fluoric acid is boiled in platinum vessels under the ordinary atmo- 
spheric pressure, it attains a composition varying from 36 to 38 
per cent. of HF]. The great differences observed arising from 
the impossibility of keeping the physical conditions constant, 
under which the ebullition takes place. We may take the mean 
37°0 per cent. as representing pretty closely the composition of 
the acid unalterable by boiling in the air. If a true chemical 


compound between acid and water were thus produced, such large 
M 2 
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variations in the composition of the residual acid could not have 
been found. Vaporized at other temperatures, this constant hydro- 
fluoric acid, containing 37-0 per cent. of HFl undergoes change. 
A portion of acid of the above strength, obtained by ebullition 
was placed in a platinum crucible over quick lime inside a leaden 
exsiccator closed with a lid having a sulphuric acid joint. After 
standing at a temperature of 15°C. for 4 days, the acid was 
found to contain, in two analyses, 36°4 and 36°6 per cent. of HFI; 
after remaining 4 days longer at the same temperature, the liquid 
contained 33°5 per cent. of acid; and when the acid had been 
standing for 2 more days at the same temperature over quick lime, 
it was found to contain 32°5 and 32:7 per cent. of acid. A weaker 
acid was next vaporized under like conditions ; an acid containing 
31°6 per cent. of H¥ placed over quick lime at 15° attained, after 
2 days, a composition of 321 per cent., and after a further exposure 
in the exsiccator for 4 days, two analyses showed that it contained 
32°4 and 32°3 per cent. of HF. 

I beg to thank my assistant Mr. Schorlemmer for the able 
help which he has given me in carrying out the foregoing experi- 
ments. 
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PROCEEDINGS 


AT THE 


MEETINGS OF THE CHEMICAL SOCIETY. 


Anniversary Meeting, March 30, 1860. 
Professor Brodie, President, in the Chair. 


The following Rrevorrt was read by the President :— 


The number of Fellows of the Chemical Society has, during 
the last year, continued to increase; 26 new Fellows have been 
elected, 3 Fellows have resigned, and three have been removed by 


death. 
At the last Anniversary Meeting, March, 1859, 


The number of Fellows was . ; - 302 
The increase has been . ; ; , a 
The number of present Fellows is . . 823 


The number of Associates at the last meeting was 9, and 
3 have been since elected. 

It appeared desirable to the Council to connect with the 
Society a greater number of the distinguished Chemists of foreign 
countries. The number of foreign members has hitherto been 
limited to 25. Application was made to the Society for power to 
increase this number to 40. At the present moment, however, it 
has not been thought expedient to add more than 6 names to the 
list, making in all 30 Foreign Members. The names thus added 
are the well-known names of Berthelot, Deville, Frémy, 
Fritzsche, Mulder, and Peligot. 

The Council have ever regarded the formation of a Library of 
Chemical Works, as one of the most important objects to which 
the funds of the Society could be devoted, and they are especially 
desirous to render it at all times accessible and serviceable to the 
Fellows. They believed that these ends would be promoted by the 
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appointment of a permanent Librarian ; this office has been under- 
taken by Mr. Watts, a gentleman who is familiar with the litera- 
ture of the science. Mr. Watts is at present engaged in preparing 
a new catalogue of the books. 


The following papers have been read at the Meetings of the 
Society, since the Anniversary Meeting of 1859 :— 


“On the action of Boracic Acid upon the salts of the more 
volatile acids at high temperatures,” by Mr. A. Norman Tate. 

“ On Boric and Silicic Acids,” by Dr. Odling. 

“On the action of Hydrocbloric Acid upon Sulphide of Mer- 
cury in the presence of certain other substances,”’ by Mr. F. Field. 

“On the absorption of Ammonia and Hydrochloric Acid by 
water,” by Dr. Roscoe. 

“On Bases produced by Nitrous Substitution,” by Mr. 8. C. 
Wood. 

“On the commercial estimation of Nitre,” by Mr. J. S$. 
Blockley. | 

“ On the manufacture of Sulphate of Copper,” by Mr. J. S. 
Blockley. 

‘On the saline atomic volume of Lithium,” by Dr. Odling. 

“On the action of Boracic Acid upon the Carbonates of the 
Alkaline Earths,” by Prof. Bloxam. 

“On the combination of Potassium with Carbonic Oxide,” by 
Prof. Brodie. 

** Remarks on the immediate source of the Carbon exhaled by 
the lungs,” by Dr. Edward Smith. 

“On the Crystalline Hydrates of Baryta and Strontia,” by 
Prof. C. L. Bloxam. 

“ Description of an hermetically sealed Barometer,” by Mr. 
Richard Adie. 

“Note on the purification of Esculin and Paviin,” by Prof. 
Stokes. 

“On the action of Pentachloride of Phosphorus on Tartaric 
Acid,” by Messrs. Perkin and Duppa. . 

“On the Vapour-density of Ethylenamine,” by Dr. Hofmann. 

“ On the formation of Starch,’ by Dr. Moldenhauer. 

“On the application of Electrolysis to the detection of the 
poisonous metals in mixtures containing organic matter,” by 
Prof. Bloxam. 
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“On the Carbonates of Alumina and the Sesquioxides of 
Chromium and Iron,” by Mr. James Barratt. 

“ On refining Gold when alloyed with Tin or Antimony, so as 
to render it fit for the purposes of Coinage,” by Robert 
Warington. 

“On certain sources of loss of precious metal in some opera- 
tions of assaying,” by Mr. G. H. Makins, 

“ On an Iron Sand from New Zealand,” by Dr. J, H. Glad- 
stone. 

“On the composition of Air from Mont Blanc,” by Dr. E. 
Frankland. 

“On Biniodacetic Acid,” by Messrs. Perkin and Duppa. 

“On some derivatives from the Olefines,” by Dr. Guthrie. 

“ On New Zealand Iron Sand,” by Mr. E. Riley. 

“On the action of Chloride of Ethyl upon Ammonia,” by 
Mr. Grooves. 


The following discourses have been delivered :— 


“On Polyatomic Alcohols,” by Dr. Debus. 
“ On Graphite,” by Prof. Brodie. 
“ On Gas Analysis,” by Prof. Williamson. 


During the present year the Society has lost by death three 
of its Fellows, Mr. Jacob Bell, Mr. Reginald Morley, and 
Dr. George Wilson, Professor of Technology at Edinburgh. It 
is the custom to give a brief account of the lives of those Fellows 
who are thus lost to the Society. 


Mr. Jacob Bell was born in Oxfordshire, in the year 1810. 
His father was the founder of the important Pharmaceutical 
establishment with which his name is thus connected, and at 
17 years-‘of age he was apprenticed to his father’s firm. In the 
intervals of business he still found time for self-improvement, and 
attended the lectures on Chemistry at the Royal Institution, and 
on the practice of Physic at King’s College. He had also a de- 
cided taste for art, and received lessons on Painting from his 
friend the Acadamician, Mr. H. P. Briggs. This taste led him in 
later years to acquire a valuable collection of paintings, chiefly of 
the artists of the English school. This collection he bequeathed 
to the British Nation. 

As the chief founder of the Pharmaceutical Society, Mr. Jacob 
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Bell had the strongest claims to the gratitude of his profession and 
to the consideration of all interested in the application of Chemical 
science. The foundation of this Society was decided on at a 
public meeting held upon the 15th of April, 1841; but it was at 
meetings held at the house of Mr. Jacob Bell, that its constitution 
may truly be said to have been framed. 

He was a member of the Council from the commencement of 
the Society, and rarely allowed any engagement to interfere with 
his attendance at its meetings. At his death he was its President. 
He also founded the Journal of the Pharmaceutical Society and 
Transactions, to which he made several literary communications, 
and to the support of which he liberally contributed. 

These professional labours were not unappreciated by other 
countries. Mr. Bell was an honorary member of various foreign 
scientific societies. He was one of the original Fellows of the 
Chemical Society, and also a Fellow of the Linnean and Zoological 
Society, and of the Society of Arts. 

With the view of furthering the interests he had so much at 
heart, Mr. Bell obtained a seat in Parliament, and in June, 1851, 
he moved for leave to bring in a Bill to regulate the qualification 
of Pharmaceutical Chemists, and for other purposes connected with 
Pharmacy, which, although modified in many important respects 
from its origival form, passed into law. 

Towards the end of the year 1858, Mr. Bell’s health seriously 
declined. In the year 1854, owing to his exertions in public 
speaking, he contracted an ulceration of the tongue, from which 
he never thoroughly recovered. His death took place at Tunbridge 
Wells, on Sunday, the 12th of June, 1859. 

Mr. Bell’s was an useful and honourable life. He laboured in 
the most disinterested manner, for a period of 18 years, to raise 
the standard of education in his profession, and to advance its true 
interests. Greatly through his efforts, relations were established 
between Practical Pharmacv and Scientific Chemistry, which in this 
country had never before existed, and the importance of which 
no Fellow of this Society can fail to recognize. 


Robert Reginald Ingham Morley was born August 26th, 
1826. A love of science, which was early manifested, induced him 
to enter himself as a student at the Royal College of Chemistry, - 
in 1849, where he continued his studies for several years, and 
acted as Senior Assistant to Dr. Hofmann during the Winter 
Session of 1854. 
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In 1851, he communicated a paper to the Chemical’ Society 
“On Propione, the Ketone of Propionic Acid,” and in 1854 com- 
municated another paper to the Society (in conjunction with 
Mr. J. S. Abel) “On the action of Iodide of Ethy] on Toluidine.” 

He was for some time one of the Visitors of the Royal Insti- 
tution. 

Circumstances led him to give up the study of Chemistry as a 
profession, and subsequently his declining state of health prevented 
his making that use of his laboratory which his love of science 
would have prompted. 

He died January 11th, 1860, aged 33. 


George Wilson* was born in Edinburgh, on February 21, 
1818. His parents, observing his quick sensibility and studious 
habits, determined to give him the best education in their power, 
and accordingly he passed through the High School of his native 
city, entered its University in 1833, and graduated in medicine 
six years afterwards. During this time, he showed himself a 
diligent and enthusiastic student of science, and his mind was 
directed more and more towards chemistry. After spending a 
session in London as assistant to Professor Graham, now the 
Master of the Mint, he commenced giving public lectures at 
Edinburgh. There he was attacked by a severe and lingering 
illness, from which he only recovered after the amputation of his 
left foot, and with a constitution so shattered that he never knew 
afterwards the blessing of sound health; yet he rose from his sick 
bed, not merely with his former elasticity of spirits and enthusiasm 
for science, but with a still nobler purpose in life, for thenceforward 
religion had the supreme control of his thoughts and actions. He 
devoted himself to teaching his favourite science, first in the School 
of Arts, then in the Veterinary College, and in the Extra-academical 
Medicine School, while he pursued various researches, and was a 
frequent writer on philosophical subjects. When it was proposed 
to form an Industrial Museum in the Scottish capital, he was 
selected as the Director, and to him was entrusted the collection of 
the specimens and models, a task on which he entered con amore, 
and performed well. In 1855 he was also appointed to the newly 
formed Regius Professorship of Technology, and he gave courses 
of lectures illustrated by the collection he was engaged in amassing. 


* The obituary notice of Professor Wilson has been kindly communicated by 
Dr. J. H. Gladstone. 
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But his labours were interrupted by frequent attacks of illness ; his 
life became every year more precarious; he declined higher honours; 
and lecturing till within four days of the close of his life, he died 
on November 22, 1859. His funeral was a public one, attended 
by multitudes of all classes, his fellow-professors, and pupils, the 
townspeople who had listened to his popular lectures, the artizans 
whose affections he had won during his technological inquiries, and 
a large number of private friends to whom he was endeared by the 
freshness of his genius, the liveliness and wit of his discourse, the 
unselfishness and amiability of his character, and the genuineness 
of his piety. 

It was as an expounder of science rather than as a discoverer 
that Dr. Wilson excelled; yet, exclusive of lectures and larger 
works, he published about thirty papers on subjects connected 
with Chemistry, General Physics, or Physiology. Some of these 
are to be found in our Memoirs or Quarterly Journal, others in the 
Edinburgh Philosophical Transactions, or elsewhere. Many of 
these communications have for their object the enforcement and 
further illustration of the views of other observers, and the invent- 
ing of crucial experiments for deciding between rival hypotheses. 
He boldly commenced with an “ Experimental demonstration of 
the existence of Haloid salts in solution ;” he then exploded the 
reputed conversion of Carbon into Silicon; but his most complete 
research of a chemical nature was that into the occurrence of 
Fluorine in the animal, vegetable, and mineral kingdoms, on which 
he published a series of papers. His researches on colour-blindness 
belong of course to another branch of science. He was particu- 
larly fond of tracing the history of inventions (as that of the air- 
pump), and he wrote several monographs on eminent chemists, 
besides his larger work, the ‘‘ Life of Cavendish.” But Professor 
Wilson’s chief strength lay in explaining newly discovered scien- 
tific truths, and rendering them attractive by copious illustrations. 
Hence his popularity as a lecturer, and success as a writer. His 
little book on Chemistry, in Chambers’s Educational Course, has 
attained a sale of twenty-four thousand; and his treatise on the 
Electric Telegraph, his “ Five gateways of knowledge,” and other 
small publications, have done much to diffuse a taste for experi- 
mental philosophy. 


The Society then proceeded to the election of the Council and 
Officers for the ensuing year (for the List, see page 94 of this 
volume.) 
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2 PROCEEDINGS OF THE CHEMICAL SOCIETY. 


April, 5, 1860. 
Dr. W. A. Miller, Vice-President, in the Chair. 
Dr. Thomas Andrews delivered a discourse on “‘ Ozone.” 


The following donations have been received :— 


*‘ Annales de Chimie” (1789 to 1805), 55 volumes: from 
Dr. R. D. Thomson. 

“ Jahrbuch der kaiserlich-kéniglichen geologischen Reichs- 
anstalt,”’ No. 3, fiir 1859: from the Institute. 

“* Chemical News,” Nos. 13, 14, 15: from the Publishers. 

“ Journal of the Society of Arts,” Nos. 380, 381, 382: from 
the Society. 

“ Journal of the Photographic Society” for March, 1860: 
from the Society. 

“ Literary Gazette,” Nos. 89, 90: from the Publishers. 

“ On the Composition of the Photographic Image,” by John 
Spiller, Esq.: from the Author. 


April 19, 1860. 
Robert Warington, Esq., in the Chair. 
The following were elected Fellows of the Society :— 


M. J. Stark, Esq., Norwich; J. A. R. Newlands, Esq., 
19, West-square, Southwark; J. McDonnell, Esq., 71, Great 
Strand-street, Dublin ; C. E. Long, Esq., Westcroft-place, Ham- 
mersmith; F. Sutton, Esq., Norwich. 


The following papers were read :— 


“ On the artificial production of Tartaric Acid,” by Messrs. 
Perkin and Duppa. 

« On Crystallized Potassium and Sodium,” by Mr. C. E. 
Long. 

“On the History of Cinnamic Acid,” by Mr. D. Howard. 

« On the action of Sodium on Iodide of Methyl,” by Messrs. 
Wanklyn and Buckheisen. 
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The following donations have been received :— 


“ Bulletin de PAcadémie Impériale des Sciences de St. Péters- 
bourg,” Tome I., Feuilles 1—9: from the Academy. 
«“ American Journal of Science and Arts,’ March, 1860: from 
the Editors. 
“ Canadian Journal,” March, 1860: from the Editors. 
“ Atlantis,’ No. V.: from the Catholic University of Ireland. 
“Two Orations delivered before the Academy of Sciences at 
Munich :” from the Academy. 
“ Report of Experiments with different Manures on Per- 
manent Meadow Land,” by J. B. Lawes, Esq., F.R.S., and 
Dr. J. H. Gilbert, F.R.S.: from the Authors. 


May 3, 13860. 


Professor Brodie, President, in the Chair. 


William Proctor, Esq., Petergate, York, was elected a 
Fellow of the Society. 


Dr. J. H. Gladstone delivered a discourse “ On Circular 
Polarization.” 


The following donations have been received :— 


“Transactions of the Royal Society of Edinburgh,” Vol. 
XXITI., Part J. 

“ Proceedings of the Royal Society of Edinburgh,” Session 
1858-59: from the Society. 

“ Pharmaceutical Journal’ for May, 1860: from the Editors. 

“ Chemical News,” Nos. 16—21: from the Publishers. 

“ Journal of the Franklin Institute” for February, 1860: 
from the Institute. 

“ Journal of the Photographic Society” for April, 1860: from 
the Society. 

“ Literary Gazette,” Nos. 91—94: from the Publishers. 

“ Journal of the Society of Arts,” Nos. 383—387: from the 
Society. 
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May 17, 1860. 
Robert Porrett, Esq., Vice-President, in the Chair. 
The following papers were read :— 


“On Zinc-methyl,’ by Mr. J. A. Wanklyn. 
“On the Stibethyls and Stibmethyls,” by G. B. Buckton. 
“ On some derivatives from the Olefines,” by Dr. Guthrie. 


The following donations have been received :— 


“ Proceedings of the Academy of Natural Sciences of Phila- 
delphia,” Nos. 1--5, for 1860: from the Academy. 

“ Journal of the Society of Arts,” No. 388, 389, 390: from 
the Society. 

* Journal of the Franklin Institute” for March and April, 
1860: from the Institute. 

“* Quarterly Journal of the Geological Society,” May, 1860: 
from the Society. 

“ Address delivered at the Anniversary Meeting of the 
Geological Society of London,” February, 1860, by J. Phillips, 
Esq.: from the Author. 

“* Journal of the Photographic Society,” May, 1860: from the 
Society. 

“‘ Chemical News,” Nos. 22, 23: from the Publishers. 


June 7, 1860. 


Professor Brodie, President, in the Chair. 


Dr. Frankland delivered a discourse on Organo-metallic 
bodies. 


The following donations have been received :-— 


“ Denkschriften der kaiserlichen Akademie der Wissenschaften 
(mathematisch-naturwissenschaftliche Klasse). Band. X VII.” 
“ Sitzungsberichte der kaiserlichen Akademie der Wissen- 
schaften, No. 10O—28.” 
“ Register zu den Banden XXI bis XXX :” 
from the Academy. 
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“ Jahresbericht fiir Meteorolgie und Erdmagnetismus. Band 
VI fiir 1854.” 

“ Almanach der kaiserlichen Akademie der Wissenschaften 
fir 1849 :” 

from the Academy. 

“ Journal of the Society of Arts, Nos. 391—393:” from the 
Society. 

“ Chemical News, Nos. 24—26:” from the Publishers. 

** Pharmaceutical Journal for June, 1860:” from the Editor. 

“ Literary Gazette, Nos. 95—98:” from the Publishers. 

“ Elements of Chemistry,” by William Allen Miller, M.D. 
Part I, “ Chemical Physics :” from the Author. 

“ Experimental Inquiry into the Composition of some of the 
Animals fed and slaughtered for Human Food,” by J. B. Lawes, 
Esq., F.R.S., and Dr. J. H. Gilbert, F.R.S.: from the Authors. 

* Repertory of Patent Inventions,” 13 volumes; 

“ Newton’s London Journal of Arts and Sciences :” 

from Messrs. De La Rue. 


June 21, 1860. 


Thomas Graham, Esq., F.R.S., in the Chair. 


The following papers were read :— 


“On Baudrimont’s Protosulphide of Carbon,” by Lyon 
Playfair, C.B., F.R.S. 

“On the composition of Hydrated Acids of Constant Boiling 
point,” by H. E. Roscoe, Ph.D. 

“ On Acetoxybenzamic Acid, an isomer of Hippuric Acid,” by 
G. C. Foster, Esq. 

“On the employment of Saccharate of Lime as a Normal Alka- 
line Solution in Volumetric Analysis,” by F. Maxwell Lyte, Esq. 


The following donations have been received :— 


“ Philosophical Transactions,” from Part II for 1854 to Part II 
for 1859: from the Royal Society. 

“ Observations made at the Magnetical and Meteorological 
Observatory at St. Helena,” Vol. II.: presented by order of the 
British Government. 
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“ Monthly Notices of the Royal Astronomical Society,” No. 7: 
from the Society. 

“ Chemical News,” Nos. 27, 28: from the Publishers. 

«“ Twenty-seventh Annual Report of the Royal Cornwall 
Polytechnic Society :” from the Society. 

“ Journal of the Society of Arts,’ Nos. 394, 395: from the 
Society. 

« Literary Gazette,” Nos. 99—103: from the Publishers. 

“ Journal of the Photographic Society,” June 1860: from the 
Society. 

“ Journal of the Franklin Institute,” May, 1860: from the 
Institute. 

“ On the Alloys of Copper and Zinc,” by F. H. Storer: from 
the Author. 

“ Photographs of Fluorescent Substances, showing the small 
Chemical effect of the Light reflected from them:” from 


Dr. J. H. Gladstone. 


FRANKLAND, ON ORGANO-METALLIC BODIES. 


XIX.—On Organo-metallic Bodies. 


A Discourse delivered to the Members of the Chemical Society 
of London, 


By Dr. E. Franxwanp, F.R.S. 


AtrHoucH organo-metallic bodies, as a distinct class of organic 
compounds, are, with one exception, the creation of the last ten 
years, yet the derivatives of these bodies have been known for a 
much longer period. From the time that an organic acid was first 
united with a metallic base, these organic compounds containing 
metals date their existence. It is true that such compounds con- 
taining a metallic constituent have not been regarded from this 
point of view; but a little consideration will serve to show that 
they stand in the same relation to organo-metallic bodies in the 
strict sense of the term, as the ethers, alcohols, acids, and numerous 
other organic families occupy with regard to the alcohol-radicals 
from which they are derived. Thus zinc-ethyl yields by oxidation 
ethylate of zinc: 


ZuC,H, + O, = ZnO, C,H,O 
Zinc-ethyl. Ethylate of zine. 


abody which, although unknown until formed by this reaction, 
has undoubted and well-known analogies in the ethylates of potash 
and soda. 

By suitable processes of oxidation, ethylate of zinc may be con- 
verted into acetate of zinc. 


ZnO, C,H,O + O, = C,H,Zn0, + H,0, 
Ethylate of zinc. Acetate of zinc. 


The ethyl-compounds of potassium and sodium also pass through 
analogous phases of oxidation. 
Again potassium-ethyl and sodium-ethyl, under the influence of 
carbonic acid, yield the propionates of potash and soda: 
KC,H, + C,0, = C,H,;KO, 
Potassium-ethyl. Propionate of potash. 
NaC,H, + C,0, = C,H,NaO, 
Sodium-ethyl. Propionate of soda. 
VOL. XIII. 
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The same result may also probably be reached by two distinct 
stages, viz., first by the conversion of potassium-ethyl and sodium- 
ethyl into the ethylates of potash and soda : 

KC,H, + O, = C,H,0, KO 
Potassium-ethyl. Ethylate of potash. 


and secondly by the action of carbonic oxide upon these bodies : 


C,H,KO, + C,0, = C,H,KO, 
Ethylate of potash. Propionate of potash. 


The second stage of this conversion has not yet been experi- 
mentally realized, but Berthelot’s ingenious production of formiate 
of potash from carbonic oxide and hydrate of potash exhibits an 
homologous reaction. 

These examples serve to point out the relations existing between 
organo-metallic bodies in the usual acceptation of the term, and 
that far more numerous class of derivatives to which the same 
name might without impropriety be applied; and it is now only 
necessary to remark that the present discourse will be confined 
to the consideration of organo-metallic bodies in the usual and 
more restricted sense of the term. 


Formation of Organo-metallic Bodies. 


Organo-metallic bodies admit of being produced by a great 
variety of processes; but these numerous methods of formation, 
with very few exceptions, admit of being grouped under four heads. 

1. Formation by union of the organic radical in statu nascenti 
with the metal. 

Upon this method depends the production of zinc-ethyl, the 
reaction being usually expressed by the following equation : 


C,H n C,H, Z 
2 T sh + 4Zn = cnt Zn, + 2 Tt 


Iodide of ethyl. Zinc-ethyl. 


It is, however, very doubtful whether this equation correctly 
expresses the actual change which occurs in the production of 
zinc-ethyl. It has long been known that this body is found ina 
free state, in very small quantity only, amongst the products of the 


FRANKLAND, ON ORGANO-METALLIC BODIES. 179 


reaction of zinc upon iodide of ethyl, but that there exists 
amongst these products a crystalline body which contains zinc, 
ethyl, and iodine, and which may be regarded as formed according 
to the equation : 


watts + Zn, = Zn, {Cite 


Iodide of ethyl. Ethiodide of zinc. 


This compound is decomposed at about 150° C, yielding iodide 
of zinc and zincethy] : 


27n, {Ces = Zn, CH +2" 


Ethiodide of zinc. Zincethyl. 
Contemporaneously with the first of the above reactions, there 
occur others in which ethyl, hydride of ethyl, and ethylene are 


produced. The separation of ethyl in this reaction is doubtless 
due to the direct action of zinc upon iodide of ethyl: 


C,H 
Q\4 rt 
Iodide of ethyl. 
whilst the appearance of the secondary products, ethylene and 


hydride of ethyl, results from the action of the ethiodide of zinc 
upon iodide of ethyl: 


C,H C,H. C,H,) Z 
in, 4 a + se — “HY } C,H, + 27 


Ethiodide of zine. Iodide of ethyl. Hydride of ehtyl. Ethylene. 


a view which is supported by the behaviour of sodium-ethyl in 
contact with iodide of ethyl.* 


K, $sHs 4 2 Calls) — 20H, + 2 Cis + 2KI 


4 
Sh. aie dete ee 
Potassium-ethyl. Iodide of etbyl. Ethylene. Hydride of ethyl. 


Notwithstanding the intermediate stage just indicated in the 
production of zinc-ethyl, the final result of the reaction is correctly 
expressed in the first of the above equations. 


* Proceedings of Royal Soc., vol. ix, p. 345. 


N 2 
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Zinc-methyl and zinc-amyl are produced in a perfectly analogous 
manner, but no attempt has yet been made to form the corre. 
sponding compounds of the remaining alcohol-radicals. 

The same method of formation yields cadmium-ethyl,* when 
iodide of ethyl is digested with cadmium at a temperature of 
from 100° to 150° C. 


C,H a O,H, Cd 
2 Os ‘ + Cd, = Ca, tort ‘4 rt 
Iodide of ethyl. Cadmium-ethyl. 


In this case also there appears to be an intermediate stage in 
the process, probably quite analogous to that noticed in the 
production of zinc-ethy]l. 

The temperature at which the ethiodide of cadmium thus 
formed is decomposed (177° C.) is considerably higher than that 
required for the decomposition of the corresponding zinc-compound, 
in consequence of which a small proportion only of cadmium-ethyl 
is obtained, the remainder being broken up into other products. 
This circumstance has hitherto prevented the complete inves- 
tigation of cadmium-ethyl. The experiments of Wanklyn how- 
ever scarcely permit its existence to be doubted. 

No other organo-cadmium compounds have been formed. 

Treated with iodide of ethyl, magnesium gives magnesium 
ethyl,t the reaction commencing briskly at ordinary temperatures, 
but requiring a heat of 120° C to 130°C for its completion : 


CH C,H Mg 
2 ot + Mg, = Mg, tone + oe 


Iodide of ethyl. Magnesium-ethyl. 


The homologous reaction with iodide of methyl appears also to 
yield magnesium-methyl.} 

Similarly treated, aluminum yields at temperatures from 100° to 
130° C, aluminium-ethyl and aluminium-methyl.§ 


C,H 
srt + io (Al, jou + 
CH. 


C,H, 
aati} + AL = (Al C,H, + 
C,H, 


* Wanklyn, Chem. Soe. Qu. J.,ix, 193. 
+ Cahours, Ann. Ch. Phys. [3], lviii, 17. t Ibid, p. 19. 
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Double compounds of aluminium-ethyl and aluminium-methyl 
with the iodide of aluminium are here formed, and the organo- 
aluminium bodies have not yet been obtained with certainty free 
from iodide of aluminium. 

Glucinum-ethyl* appears also to be formed under similar cir- 
cumstances, but its existence has not yet been confirmed by 
analysis. 

Organo-compounds of Tin.—Although these bodies can be 
obtained by other processes, the general method we are now 
considering is doubtless the most convenient mode of producing 
most of them. Tin is capable of forming three distinct classes of 
binary inorganic compounds which may be represented by the 
following general formule : 


R 
R R R 
Sn, iR Sn, . Sn, R 


‘This threefold atomic character of the metal tin renders the 
result of its action upon the iodides of the alcohol-radicals con- 
siderably less simple than those we have hitherto considered. 
Without taking into account compounds to which a still more 
complex constitution has been assigned, the existence of the 
following series of organo-metallic bodies containing tin has been 


established :+ 


1st Series. 2nd Series. 8rd Series. 


R+ R+ 
Sn, {B+ Sn, 2R+ Sn, 1R+ 
(R— 


atid (R+ 
4th Series. 5th Series, 6th Series. 


(ne R+ 
Sn, of Sn, Sn, $d 
R+ R— 


The second and fourth of these series have not yet been 
produced by the method we are now considering. 


* Cahours, Ann. Ch. Phys. [3], lviii, 22. 

+ In these formule R+ represents a positive organic radical, and R— a negative 
radical: no negative organic radical, as such, has yet been introduced into these 
compounds. 
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First Series. Stannous ethide (Sn, 1H 
atts 


small quantities by the action of heat upon a mixture of iodide 
of ethyl and tin: 


) is produced in 


C,H C,H I | 
9 4**5 —_ 
Iodide of ethyl. Stannous ethide. 


Stannous methide is doubtless formed under similar conditions : 


— 


C,H C,H I 
." ry + Sn, = Sn, toe + Sn, 45 
Iodide of methyl. Stannous methide. 
The tHirp series of stann-organic compounds’ are formed by 
the following reactions : ; 
C,H } 
acai + Sn, = Sn, jou + SnlI i 
I 
Iodide of methyl. Dimethiodide of tin. 
C,H, 
2 “ith + Sn, = 81, jou + Sul J 
Iodide of ethyl. Diethiodide of tin. | 
Firta Series. The following chemical changes express the 
mode of formation of compounds belonging to this series: 
C,H, 
C,H C,H I 
3 Cs at + Sm = Smyq G2y? + Smy fy 
lodide of methyl. Stannic Iodotrimethide. 
, C,H, f 
C,H C,H I 
3 “Tt + Sn, = Sn, C,H, + Sn, it | 
I 
Iodide of ethyl. Stannic Iodotriethide. | 


Sixta Series.—The most abundant products of the action of 
tin upon the iodides of the alcohol-radicals belong to this series ; 
indeed, if the action be produced by light instead of heat, this : 
series of bodies is formed-almost to the complete exclusion of the : 
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others. It is necessary, however, to remark that the materials 
exposed to light should be completely excluded from atmospheric 
oxygen, otherwise the liquid assumes an. orange colour, and the 
action is so effectually arrested that an exposure for several months 
to sunlight, concentrated by a parabolic mirror, will scarcely pro- 
duce any appreciable change. The following reactions explain the 
formation of bodies belonging to this series : 


C, H, 
C, H C, H 
2°32 ct + Sn, = Sn, r 
: I 

Iodide of methyl. Stannic dimethiodide. 
y C, Hi, 
20H? 4 sn, = 804) OM 
I 

Iodide of ethyl. Stannic diethiodide. 
CH r Gon 
107711 = 107711 
2 I'S + Sn, = Sn, I 
I 

Iodide of amyl. Stannic diamyliodide. 


It is evident that three series of tin-compounds are still wanting 
to complete the category, viz. : 


[tee R + 
Sn, iF ™ Sn, :  & F ane 
R _ ~ 


It is somewhat remarkable that no organo-tin compounds con- 
taining only one equivalent of positive radical, have hitherto been 
produced. The inference to be drawn from this, that such bodies 
do not exist, must be checked by the fact that no special attempts 
have yet been made to form them. 


Organo- compounds of Mercury.—The reaction of mercury upon 
the iodides of the alcohol-radicals gives rise to two series of organic 
compounds, the general formule of which may be thus written : 
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1st Series. 2nd Series. 
a R + 
He MR — Hg ik + 


The first series only of these bodies can be produced by the 
general mode of formation now under consideration; but the 
members of the second series are readily obtained by the action 
of an organo-zinc compound upon those of the first. 

For the production of the first series of these bodies, the action 
of light is essential, except in the case of mercuric iodo-allide, no 
elevation of temperature being capable of producing the chemical 
change. The following equations sufficiently exhibit the nature of 
the reaction : 


CH 4 ye = Hg SCs 
I I 
Iodide of methyl. Mercuric iodomethide. 
C,H, = § C,H, 
t + Hg = Hg] *y 
Iodide of ethyl. Mercuric iodoethide. 
I I 
Todide of allyl. Mercuric iodo-allide. 


For the production of the methyl-compound, bright sunlight 
may be employed; but the reaction for the ethyl-body must be 
conducted in diffused daylight only, otherwise no organo-metallic 
compound will be produced, the ethyl being eliminated chiefly as 
such, but partly, also, as hydride of ethyl and ethylene: 


2 Calist + Hg, = 2H¢I + ont 


C,H, 
Iodide of ethyl. Ethyl, 
C,H C,H 
2@s it + Hg, = el + art + OH, 
Todide of ethyl. “Hydride of ethyl. Ethylene. _ 


In addition to these bodies, compounds containing arsenic and 
antimony can also be produced by this. general mode of formation ; 
but they are obtained with greater facility by the second method, 
which will now be described, 
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2. Formation of organo-metallic bodies by the action of the respec- 
tive metals alloyed with potassium or sodium upon the iodides of 
the alcohol-radicals. 


The principles involved in this second general mode of produc- 
tion are essentially similar to those in the first, but there is here 
less tendency to form compounds containing negative as well as 
positive radicals. This method, although not capable of such 
general application, is more especially adapted to the formation of 
the organic compounds of the polyatomic metals. The simulta- 
neous production of an organo-potassium or sodium compound 
need not be feared, since such compounds cannot exist in the 
presence of the iodides of the alcohol-radicals: 

This mode of formation will be sufficiently illustrated by the 
following reactions : 


Arsenic-compounds. 


2 Cara + As {Ne = As toe + 2Nal 


Na C,H, 
Todide of methyl. Cacodyl. 
C,H (Na C,H 
aCaltsk + As {Na + As {Osi5 + 2Nal 
lodide of ethyl. Ethyl-cacodyl. 
Na C,H. 
3 Vali + AsdNa = AsiC.H, + 8Nal 
Na C,H, 
lodide of methyl. Trimethylarsine. 
. Na C,H, 
3 ‘sip + AsdNa = AsiC.H, + 3Nal 
Na C,H; 
Iodide of ethyl. Triethylarsine. 
fas 
CH Na C,H, 
47 7%> + As~Na= As) C,H, + 3Nal 
Na C,H, 
Todide of methyl. : I 


Iodide of tetra- 
methylarsonium. 
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Ch + ad be iCw 4 sil 
H 


Iodide of methyl. 


Iodide of tetra- 
ethylarsonium. 


Antimony-compounds. 


Na C,H, 
g Calls i + SbiNa = Sb \coH 
Na C,H, 
Iodide of methyl. * Trimethylstibine. 
Na C,H; 
3 Calls k + Sb4Na = Sb jeu 
Na 4H, 
Iodide of ethyl. Triethylstibine. 


3 a + 


Todide of amyl. 


4 Calls i + 


Todide of methyl. Iodide of tetra- 
methylstibonium. 


4 Calls i + 


lodide of ethyl. Iodide of tetre- 
thylstibonium. 


(ora 
sColin 4 sp Jenn” 


(Coll 
I 


Iodide of amyl. Iodide of tetra- 
mylstibonium. 
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Tin-compounds. 


C,H 
4c H, + 2Nal 


Stannous-methide, 


Iodide of methyl. 


P CoH, } 


Iodide of methyl. Stannic methide. 
Analogous reactions also represent the formation of the corre- 
sponding compounds containing ethyl and amyl. 


Lead-compound. 


C.H v C,H, 
34 Ty + Pb, = Pb,4C,H, + 3Nal 
C,H, 
Iodide of ethyl. Plumb-sesquiethide. 


Bismuth-compound. 
C.H ‘Na C,H, 
3 Ws 1° + BidNa = BilC,H, + 8Nal 
Na iH, 
lodide of ethyl, Bis-triethide. 


Tellurium-compounds. 


Organo-tellurium compounds are formed by a modification of 
this method, which consists in distilling telluride of potassium 
with sulphovinate of potash and its homologues. 
2((,H,0.80, + KO.S0,) + 2KTe = Te, 1¢? iC t 

Sulphomethylate of potash. Tellurium-methyl. 

The ethyl and amyl compounds are prepared by homologous 

reactions. 


3 + 4(KO.SO,) 


3. Formation of organo-metallic bodies by the action of the zinc- 
compounds of the organic radicals upon the haloid compounds either 
of the metals themselves or of their organo-derivatives. 


For the production of organo-metallic bodies containing less 
positive metals than zinc, this method is perhaps not only the most 
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convenient, but also capable of the most general application. Com- 
pounds containing mercury, tin, lead, antimony, and arsenic, have 
been thus produced, but it has failed when applied to the haloid 
compounds of copper, silver, and platinum, for although these 
bodies are violently acted upon, the organic group does not unite 
with the metals. 

The following reactions represent the present state of our know- 
ledge with regard to this method of formation :— 


Mercury-compounds. 


C,H cl _ 
an, or? + He jo = He 4 


Zinc-methyl. Mercuric methide. 


CH. Cl C,H 
Zn, {on 4 2Hel Gy = 2H¢g 4c 3 4 27nCl 


Zinc-methy]l. Mercuric chloromethide. 


+ He {6 = ic'H? + 2ZnCl 


~ Zine-ethyl. Mercurie ethide. 


scl C,H 


. 


CH, _ p 
Zn Joys = 2g 1o) = 2He it 5 4 2ZnCl 


Zine-ethyl. Mercuric chlorethide. 


Mercurous ethide and mercurous methide have not yet been 
obtained either by this or any other process. The instability of 
mercurous compounds, as seen in the inorganic oxide and iodide, 
is brought to a climax in organic mercurous compounds; the 
latter are instantly transformed into metallic mercury and the 
more stable organo-mercuric compounds. Thus, when zinc-ethyl 
acts upon mercurous chloride, the following change results :— 


C,H C,H 
Zn, toh + 2HgCl = Hg ‘oH + Hg + 2ZnCl 


Zine-ethyl. Mercuric ethide. 


Tin-compounds. 


Cl (C,H, 
C,H a C.H 
27n, torte + Sup 4G) = Smyq Gi? + 4énCl 
Cl C,H, 
Zinc-ethyl. Stannic chloride. Stannic ethide. 
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C,H, 
Zn, 1c! H. + Sn, 
" Zine-ethy). Stannic diethiodide. Stannic ethide. 


; (et 

OH Cl CH 

3Zn, son = 5 + 6ZnCl 
‘cr 


Zine ethyl, Chlorotriethide of tin. 
C,H, 
C, H; 

Cl 

Cl 


Zinc-ethyl. Stannic dichlorethide, 


7. §C,H, _ Inf C,H 
ins to H. cnt C,H, + @G 


Zinc-ethyl. Zincostannous ethide. 


Sn, + 2ZnCl 


5 
Zng sor aH, + Zul 


~~ Zine-ethyl. Stannic di-iodoethide. Stannic diethylomethide. 


C,H, 
Zn, tout 3 = 28n, et + 2ZnI 
C ‘He 


Zinc-ethyl. Stannic iodo-trimethide. Stannic ethylotrimethide. 
Lead-compound. 
The following is the only reaction which has hitherto been 


effected by the method which we are now considering :— 


(C,H C,H 

Zn 5 + 2PbCl = Pb Joty® + Pb + 2ZnCl 
* CH, cag eee : 
Zinc-ethyl. Plumbic ethide. 


Antimony-compounds. 
Cl C,H, 
+ 28b<Cl = 28b<C, HH, 
Cl C, H, 
Zinc-methyl. Trimethylstibine. 
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Cl 


I 
405 +4 28b Cl 
C,H, i 


Zinc-ethyl. 


= 2Sb 


C,H, 
C,H. 
(cH. 


Triethylstibine, 


+ 6ZnCl 


Arsenic-compounds. 


C,H, 


3Zn, C, H, 


Cl 

+ 2As <Cl 

Cl 
Zinc-methyl. 


C,H; 
3Zn, oe H, 


Zine-ethyl. 


Cl 
+ 2As <Cl 
Cl 


+ 6ZnCl 


Trimethylarsine. 


C,H, 
2As4C,H, + 6ZnCl 
C\H, 


Triethylarsine, 


4. Formation of organo-metallic bodies by the displacement of 
a metal in an organo-metallic compound by another and more 
positive metal. 


Wanklyn, to whom we are indebted for this mode of formation, 
regards this displacement of one metal by another as a case of 
true electrolytic decomposition. He thinks that in zinc-ethyl, for 
instance, ethyl is the electro-negative and zinc the electro-positive 
member: sodium bemg more electro-positive than zinc, replaces 
the latter metal, and forms sodium-ethyl. But he supposes that 
where the original organo-metallic body contains a metal less 
electro-positive than the hydrocarbon radical, then the latter, and 
not the metal, would be eliminated by contact with a more 
positive metal. Cacodyl, for instance, when treated with sodium 
should give methyl and arsenide of sodium: 


C,H 2 Na C,H, 
As ion + Na, = As iN + C, H a} 
Cacodyl. Methyl. 


Arsenide of sodium. 


This view, the correctness of which is more than probable, 
is supported by the action of potassium and of zinc-ethyl upon 


ammonia : ) 
H K 
2N<~H + K, = 2N<H 
H H 


Ammonia. 


+ H, 


Potassamide. 
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Ammonia. Zincethyl. Zincamide. Hydride of ethyl. 


In accordance with this hypothesis, Wanklyn considers that 
the ethyl in sodium-ethyl would be displaced by copper, mercury, 
platinum, &c., and that sodium-ethyl is only in equilibrium 
with bodies, whose respective positions in the electrical scale 
are either both of them within, or both of them without, the 
space lying between the electro-positive sodium and the electro- 
negative ethyl. 

This fourth mode of producing organo-metallic bodies has 
hitherto been applied only to the formation of sodium and 
potassium compounds, or rather double compounds of these 
bodies with zincethyl, according to the following reactions : 


C,H C,H C,H, 
3Zn, son + Na, = (2%n, ton + Na, {¢! H) + Zn, 


Zincethyl. Double compound of sodium-ethyl and 
zinc-ethyl. 


C,H C,H C,H 
3Zn, to ut K, = (2zn, {ct He + Ky tonia) + Zn, 


Zincethyl. Double compound of potassium-ethy] 
and zinc-ethyl. 


Sodium also displaces mercury from mercuric ethide: sodium- 
ethyl seems to be formed, but the exact nature of the reaction 
has not been ascertained, 


PRopPerties oF ORGANO-METALLIC Bopies. 


The organo-metallic compounds as a class are distinguished for 
the extraordinary energy of their affinities. With certain excep- 
tions, presently to be noticed, their disposition to unite with 
negative elements increases with the positive character of the 
metal and with the smallness of the atomic weight of the alcohol- 
radical. Thus organo-potassium and sodium compounds possess 
more chemical energy than those of zinc, whilst the latter are 
more active than the compounds of arsenic, antimony, tin, or lead. 
Again, .in the series belonging to each metal, the methylic com- 
pounds are more energetic than the ethylic ones, whilst the last 
greatly surpass the amylic compounds in this respect. But whilst 


192 FRANKLAND, ON ORGANO-METALLIC BODIES. 


these general principles govern the chemical energy of organo- 
metallic bodies, their effect appears to be modified by the degree 
of saturation in which the metal exists. Although this circum- 
stance has hitherto received only very partial elucidation, yet 
we have evidence of its existence in the case of organo-tin 
compounds. Both stannous ethide and stannous methide com- 
bine directly with atmospheric oxygen, and the union takes place 
with tolerable rapidity; but neither stannic ethide nor stannic 
methide is in the least degree acted upon by free oxygen at 
ordinary temperatures; even iodine acts upon them with difficulty. 
This diminution of chemical energy in organo-stannic compounds 
cannot be ascribed to the mere influence of the additional weight 
of hydrocarbon which they contain, since stannous amylide readily 
unites with free oxygen at ordinary temperatures, although the 
single molecule of amyl which it contains is considerably heavier 
than the double atom of either methyl or ethyl present in the 
organo-stannic compounds just cited. 

Organo-metallic compounds in a state of partial saturation play 
the part of compound radicals. They are uniatomic, biatomic, 
teratomic, or quadratomic, according to the number of molecules 
requisite to complete their saturation. On the other hand, 
organo-metallic bodies in a state of saturation never perform 
radical functions, they never undergo chemical change without 
decomposition. Thus zinc-ethyl, stannic ethide, mercuric ethide, 
and plumbic ethide all give substitution-products when they are 
chemically acted upon. 

The description of the special properties of the organo-metallic 
-bodies may be conveniently commenced with the most positive of 
the class, viz. : 

Potassium and sodium series.*—These bodies have not yet been 
isolated; they are known only in combination with the corre- 
sponding zinc-compounds. The double compound of sodium-ethyl 
and zinc-ethyl is the only one which has hitherto been submitted 
to analysis. Its formula is 


C,H C,H 
at, Jona, + NM jcte 


This compound first separates from its solution in zinc-ethyl as 
a transparent fluid, which after some time solidifies to a mass of 
large tabular crystals, fusing at 27° C., but when once fused 


* Wanklyn, Proceedings of Roy. Soc., ix, 341. 
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remaining fluid at several degrees below that point. On the 
application of a moderate heat, gases are evolved, and a mixture of 
sodium and zinc without carbon is left behind. The double 
compound decomposes water with great violence, forming hydride 
of ethyl, and the hydrated oxides of zinc and sodium. The 
behaviour with negative elements has not yet been studied. Its 
most interesting reaction consists in the absorption of carbonic 
acid, which it transforms into propionic acid. The sodium-ethyl 
alone takes part in this reaction :* 


C,H C,H, 
Na, tote ~ 2,0, = 2% Nt 0, 


Sodium-ethyl. Propionate of soda. 


A similar double compoand containing sodium-methyl, as well as 
the potassium-compounds of ethyl and methyl, have been formed. 
They have not yet been completely investigated, but it is believed 
that their composition and properties are perfectly analogous to 
those of sodium-ethyl. 

No compound of any of these bodies with a negative element 
has been obtained. Their action upon carbonic acid proves that 
they possess a still higher reducing power than the corresponding 
organo-zine compounds, and they will therefore doubtless prove 
valuable agents for the substitution of positive groups for negative 
elements in cases where organo-zinc compounds fail to produce 
the desired effect. 

Sodium-ethyl decomposes the iodides of the alcohol-radicals in 
the cold, with formation of iodide of sodium.t 


C,H C,H C,H 
Na, CH +24 it = 2NalI + 2 at + 2C,H, 


Sodium-ethy]. Iodide of ethyl. Hydride of Ethylene. 
ethyl. 


Owing to this behaviour, potassium and sodium compounds can 
only be prepared by method No. 4. 

Magnesium series.t--The compounds containing ethyl and 
methyl only have hitherto been examined, and the former alone 
submitted to analysis. These bodies possess a close similarity to 


* Wanklyn, Chem. Soc. Qu. J., xi, 103. 
+ Frankland, Proceedings of Roy. Soc., ix, 345. 
t Cahours, Ann. Ch. Phys., lviii, 17. 
VOL. XIII, 
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organo-zinc compounds. They are very volatile colourless liquids, 
possessing a powerful alliaceous odour ; are spontaneously inflam- 
mable, and decompose water with violence. They do not readily 
decompose the iodides of the alcohol-radicals, and can therefore 
be prepared by method No. 1. No compound of these bodies 
with negative elements has yet been produced. They are in the 
condition of chemical saturation. Further details of their proper- 
ties are wanting. 

Aluminium and Glucinum series.*—Like the organo-compounds 
of the alkaline metals, the aluminium and glucinum compounds 
have not yet been isolated with certainty; they are known only 
in combination with the iodides of the respective metals, and the 
composition of the ethyl and aluminium body only has been fixed 
by analysis. Its formula is 


C,H, I 
Al,4C.H, + Al, 41 
See ae, I 


These double compounds possess great chemical energy; they 
are spontaneously inflammable, volatile liquids, which decompose 
water with explosive violence. They are attacked by zinc-ethy], 
forming iodide of zinc and very infammable liquids, which latter 
are believed to be the pure organo-compounds. They appear to 
be chemically saturated bodies, and therefore incapable of direct 
combination. Further details are wanting. 

Zinc series.t—Three bodies belonging to this series are known, 
Viz. : 


Zinc-methyl Zn, / 


Zinc-ethyl Zn, ; 


Zinc-amyl 


They are colourless, transparent, mobile, volatile, and odorous 
liquids, composed of four gaseous volumes of the hydro-carbon 


* Cahours, Ann. Ch. Phys., lviii, 20. 
+ Frankland, Chem. Soc. Qu. J., ii, 297, and iii, 44; Phil. Trans., exlii, 431, 
and cxlv, 259. Wanklyn, Chem. Soe. Qu. J., xiii, 124. 
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radical, and two volumes of zinc-vapour, the six volumes condensed 
to four. The methyl and ethyl compounds are spontaneously 
inflammable, burning with a greenish blue flame. All three are 
saturated compounds incapable of direct combination. In contact 
with water, they are instantly decomposed, with formation of 
oxide of zinc and hydride of the organic radical. 


C,H H a C, H 
Zn, toate + ut 0, a Zn$ 0, + 2-2 Ht 


Zinc-methyl. Hydride of 
methyl. 


(C,H, Zn a. & 
42 (C,H, aut Or + 2 “at 


Zinc-ethyl. Hydride of 
ethyl. 


zn, {Sutin s Mo, = Zo, 4 9 Culhut 


Zine-amyl. Hydride of 
amyl. 


Gradually treated with oxygen, so as to avoid too violent action, 
they form the respective zinc-alcohols. 


C,H C, H 
Zn, iO +h n9 Tt O, 


Zinc-methyl Methylate of zinc. 


Zn, OH , &= 20+ 78} Os 


Zinc-ethyl. Ethylate of zinc of zine. 


C,H C,,H 
Zina {oun +O = BUM zai} Os 
Zinc-amyl. Amylate of zine. 


The action of iodine upon organo-zinc-compounds consists in 
the transformation of both their constituents into iodides. 


Zinc-methyl. Iodide of methyl. 
o 2 
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{C,H C,H,) 
Zn, (C,H, + I, 2ZnI + 2°* 7° c 
Zinc-ethyl. Iodide of ethy). 
CoH? 
1 I$ 


Zn, tear + 2ZnI + 2 


Zinc-amy]l. Iodide of amyl. 


Organo-zinc compounds behave in a manner exactly analogous 
in contact with the other halogens. 

Reactions like the foregoing, point to the applicability of these 
compounds for effecting the substitution of positive groups for 
negative elements in compound bodies, an application which has 
not failed to attract the notice of chemists. In addition to the 
reactions of this class given above as examples of the formation of 
organo-metallic bodies by the third method, the following have 
been realized : 


With Binoxide of Nitrogen.* 


2(N,0,) + Zn, ic i i a NaC att 


Binoxide of Zinc-methyl. Dinitro-methylate 
nitrogen. of zine. 


sci 


O, 


mit Og 


2(N,0,) + Zn, son _— 
< et 


Zinc-ethyl. Dinitro-ethylate zine. 


It will be perceived that these reactions are the exact analogues 
of the one already mentioned in the sodium and potassium series, 
where carbonic acid, treated with sodium-methyl and sodium- 
ethyl, forms acetic and propionic acids. In fact, dinitro-methylic 
and dinitro-ethylic acids may be regarded as the analogues of 
acetic and propionic acid respectively ; the nitrogen here sustain- 
ing a biatomic character, and ‘replacing an equivalent amount of 
carbon. 


With Sulphurous Acid.t 


2(S,0,) + Zn, 1c r + 28a0alleat o, 


Sulphurous acid. Zinc-methyl. Methylodithionate 
of zine. 
* Frankland, Phil. Trans., 1857, p. 59. 
+ Hobson, Chem. Soc. Qu. J., x, 55 and 243. 
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3(S,0,) + Zn, {cur - 


28sCsH,0.} 0, 


Zinc-ethyl. 


Ethylodithionate of 
zinc. 


With Terchloride of Phosphorus.* 


C,H, 


2(PCl) + 8Zny Yo2H° 


Zinc-methyl. 


2(PCl,) + 8Zn, son! 
4°"5 


C,H, 
= 2P<C,H, + 6ZnCl 


(C,H, 


Trimethylphosphine. 


C,H, 
2P 4C,H, 


a + 6ZnCl 


5 
4°°5 


Zinc-ethyl. 


Triethylphosphine. 


There is no apparent obstacle to this reaction being pushed to 
its extreme limit in the case of pentatomic bodies, such as phos- 
phorus, arsenic, or antimony. Mr. Buckton has recently at- 
tempted this in the case of antimony; but although evidence of 
the existence of a pentethide of antimony was obtained, the body 
could not be isolated and its composition satisfactorily fixed. The 
great stability of the triatomic compounds of these bodies will 
probably present considerable diificulty in the way of obtaining 
pentatomic compounds of an exclusively positive character, such 
bodies being doubtless easily resolved into the more stable group- 
ings represented in the following equation : 


| C,H, 
C,H C,H, 
Sb cst 
C,H, 


5 
\ C,H; 
C,f, 


cat 
+ C,H; 


Antimonic ethide. Triethylstibine. Ethyl. 

Whilst on the one hand, organo-zinc compounds are thus 
capable of effecting the substitution of their positive organic group 
for negative elements, they can, on the other hand, in certain cases 
replace hydrogen by zinc, forming, for instance, with ammonia 
and its homologues, a series of zincamides. In this direction the 


following reactions have been recorded.f 


* Hofmann and Cahours, Phil. Trans. for 1857, p. 578, 
+ Frankland, Proc. of Royal Soc., viii, 502, 
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H Zn 
Zn, torr + 2NIH NIH +4 2st 
atts H H ) 
Zinc-ethyl, Ammonia, Zincamide. Hydride of ethyl. 


C,H 
nq ety? an} “H zn + 2 Oansh 


H 
Zinc ethyl. Aniline. st Hydride of ethyl. 


C,H C,H, 
eNICH, = 2N ICH, + 2 Crs 
H Zn 
Zinc-ethyl. Diethylamine. Diethyl-zincamide. Hydride of ethyl. 


C,0,” C,0,” 
to OH + Sf Th = Np Be + 


2 


2 


Zinc-ethyl. Oxamide. Zincoximide. Hydride of ethyl. 


C,H,O C,H,O 
Zn, CH an | a an} ‘Zn + 2 Cats} 


H H 
Zinc-ethyl, Acetamide. Zinc-acetimide. Hydride of ethyl. 


Of the same nature apparently is the reaction between zinc-ethyl 
and acetic anhydride.* 


Zn Iota + C8HOFS O 


The members of the zinc-series unite with neutral salts to 
form compounds which have been but little examined. The 
following, however, are known :+ 


Dinitromethylate of zinc and oN oC,H,0, H 
zinc-methyl “Zn a} O, +. a, / H, 
aH, 


Dinitroethylate of zinc and N,C,H.O 
2NiCHO 0, 4 zn, {Oth 


zinc-ethyl 


* When zinc-ethyl is added to acetic anhydride, torrents of pure hydride of ethyl 
are evolved ; the other product of the reaction has not been examined. 
+ Frankland, Phil. Trans., 1857, p. 59. 
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Finally, it has been observed, that zinc-methyl when generated 
in contact with methylic or vinic ether, combines with these 
bodies, forming* 


Methylate of zinc-methyl 2(Zn, ic i) + oH at 0, 


Ethylate of zinc-methyl 2(Zn, 1ctn) + Cin sh O, 
2°"3 


Cadmium Series.t—Only one member of this series is known, 
and that very imperfectly. So far as its properties are made 
out, they appear to be perfectly analogous to those of the zinc 
compounds. 


Tin Series.t—A large number of organo-metallic bodies con- 
taining tin have been described. The existence of the following 


may be considered as clearly established. 


a. Stannous compounds. 


Stannous methide, or stanmethyl Sn, / ; 
Stannous ethide or stanethy]l 
6. Sesqui-compounds. 


Sesquimethide of tin 
Sesquiethide of tin 
Dimethiodide of tin 
Diethiodide of tin 


* Frankland, Phil. Trans., 1859, p. 412. 

+ Wanklyn, Chem. Soc. Qu. J., ix, 193. 

t Frankland, Phil. Trans., 1852, p. 417, and Phil. Trans., 1859, p. 401. Cahours 
et Riche, Compt. rend., xxxv, 91, and xxxvi, 1001. Loéwig, Ann. Ch. Pharm. 
Ixxxiv, 8€8. A. Grimm, Ann. Ch. Pharm, xcii, 888, Buckton, Phil. Trans. 
for 1859, p. 423. Cahours, Ann. Ch. Phys., lviii, 22. 
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c, Stannic compounds. 


Stannic methide Sn, 


Stannic ethide 


i] 
~ 


Stannic ethylomethide 


_ 
a 


i) 
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Stannic-ethylo-trimethide 
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a 


P= 
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Stannic iodo-trimethide Sn, 


aw 


ee 
oO 


Stannic iodo-triethide Sn, 


C 
C, 
C 


FS 
ao 


“ 


maleel--1--Mialeal--1:- Maal -f-f 


Stannic iodo-dimethide Sn, 


ao 


CaC2 
FS 


» 
nn 


Stannic iodo-diethide Sn, 


It is scarcely necessary to observe that the iodine in the above 
compounds admits of replacement by any salt-forming radical 
and also by oxygen or sulphur, 


Stannous compounds are oily liquids soluble in alcohol and 
ether, but insoluble in water, and possessing a pungent odour. 
They cannot be distilled without decomposition, being resolved 
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into stannic compounds and metallic tin. They are in a state of 
partial chemical saturation only, and therefore perform the part 
of radicals, combining directly with chlorine, oxygen, &c., and 
forming well-marked bodies of great stability. 

Stannous compounds are biatomic, and unite directly with 
free oxygen, chlorine, &c., to produce bodies of the stannic form. 
Thus stannous ethide forms with oxygen, stannic oxydiethide. 


Stannous ethide. Stannic oxydiethide. 


Stannous compounds have never yet been observed to play a 
uniatomic part. No sesqui-compound has been directly formed 
from a stannous body; the latter, under the influence of iodine, 
oxygen, &c., seems to pass at once into the stannic form. It 
must be remarked, however, that no direct experiments have been 
made with a view of revealing any uniatomic attribute which may 
attach to stannous compounds. 


R+ 
Sesqui-compounds of the form Sn, Jet have hitherto been very 


ry 
little examined. They are oily liquids, uniting directly with nega-’ 
tive radicals, forming an extensive series of compounds belonging 
to the stannic class, a considerable number of which have been 
studied. The following examples will serve to show the mode in 
which sesqui-compounds of this form pass into bodies of the 
stannic class ; 


C,H, 
Sn,4C,H, + I 
C,H; 


Sesquiethide of tin, Stannic iodotriethide. 


oe C,H 
= Sn, Cats + pet 
I 


Stannic iodotriethide. Stannic iododiethide. Iodide of ethyl. 
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No reduction of a sesqui-compound to a stannous compound 
has yet been effected, although it can scarcely be doubted that 
an aqueous solution of diethiodide of tin, for instance, if treated 
with zinc, would yield stannous ethide. On the other hand, 
stannic ethide or methide in contact with iodine is transformed 
into a sesqui-compound, viz., diethiodide of tin: 


C,H 
. ot, joa + aCaret 
I 


Stannic ethylo-dimethide. Diethiodide of tin. Iodide of methyl. 


R+ 
Sesqui-compounds of the form Sn, re are very little known. 
... 


In fact the diethiodide of tin, the production of which from 
stannic ethyiodimethide has just been mentioned, is the only one 
known with certainty. It is a colourless mobile liquid, boiling 
with partial decomposition at 208° C., and possessing a most 
insupportable odour, resembling essential oil of mustard. Heated 
with excess of iodine, it is transformed into stannic iododiethide : 


C,H; 
Sn,~C,H; + 
I 
Diethiodide of tin. Stannic iododiethide. 


Stannic compounds of the form Sn, ps are colourless mobile 


R+ 
liquids, possessing a slight ethereal odour. They are volatile 
without decomposition, and are very stable. Being in the con- 
dition of chemical saturation, they are incapable of direct com- 
bination. No body can act upon them without expelling one or 
more equivalents of positive radical. Thus, when heated with 
hydrochloric acid, stannic ethide yields stannic chlorotriethide and 
hydride of ethyl ; 
C,H; 
Sn, CH + HC 
C,H; 
Stannic ethide. Stannic chlorotriethide. Hydride of ethyl. 
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With two equivalents of iodine, the reaction is : 
C,H, 
C,H, as C,H CoH 
Sn. 40,H, eee 
C,H; 
Stannic ethide. Stannic iodotriethide. Iodide of ethyl. 


And with four equivalents of iodine : 

C,H; 

tT = Sa JCHs 4 2H) 
I 


Stannic ethide. Stannic iododiethide. Iodide of ethyl. 


R + 
Stannic compounds of the form Sn, . t, commonly called 


R= 

compounds of sesquistanethyl, have been comparatively well 
studied. ‘The oxides are, in the anhydrous condition, volatile, 
limpid, oily liquids which readily unite with water, forming 
crystalline hydrates which have a powerful alkaline reaction, and 
neutralize the strongest acids, forming an extensive series of salts. 
These salts are almost all soluble in water, readily crystallizable, 
and of a very pungent odour. The stannic iodotriethide and the 
stannic triethylosulphate may be adduced as examples of the 
haloid and oxysalts respectively : 


Stannic iodotriethide Sn, 


Stannic triethylosulphate Sn, 


Stannic compounds of the form Sn, 4 have also been very 
R— 
completely investigated. The oxides are white amorphous powders, 


insoluble in water, alcohol, and ether. They dissolve in hydro- 
chloric, hydriodic, and hydrobromic acids, forming colourless and 
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inodorous salts, which crystallize in fine prisms. Most of the 
oxysalts can also be obtained in the crystalline form, either from 
aqueous or alcoholic solutions, The iodide and sulphate of stannic 
diethide, which may be regarded as representatives of the haloid 
and oxysalts, have the following formule : 


Stannic ethylodisulphate 


Stannic iododiethide 


Stannic compounds of this form are readily reduced to stannous 
compounds ; thus, when a piece of zinc is plunged into a solution 
of stannic chlorodiethide, stannous ethide is produced : 


Stannic chlorodiethide. Stannous ethide. 


Bismuth Sertes.*—The following bodies belonging to this 
series have been described : 


1. Bismuthous ethide 


8. Bismuthous di-iodoethide Bi | 


C,H, 
4. Bismuthous dioxyethide Bi< O ? 
O 


* Breed, Ann. Ch, Pharm., Ixxxii, 106; Diinhaupt, Ann. Ch, Pharm., 
xcii, 371. 
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fou 


5. Double compound of bis- C,H S 
muthous sulphide with> Bi;C,H; + 2Bi<S? 
bismuthic sulphotriethide J ¥ s° 


S 


These bodies have as yet been but very imperfectly investigated. 
Bismuthous triethide is a colourless or slightly yellow mobile liquid, 
having an unpleasant odour like that of stibethine. Exposed to 
the air, it gives off dense yellow fumes, inflames spontaneously, 
and finally explodes. It is very instable, begins to decompose at 
50° or 60° C., and explodes violently when heated to 150°C., a 
temperature still below its boiling point. No direct compound of 
this body has yet been obtained; it behaves like a chemically 
saturated substance, and when slowly oxidized in contact with 
water, yields alcohol and hydrated oxide of bismuth: 


0, + 0, = BiO,3H0 + 3k 0, 
Bismuthous ethide. Alcohol. 


When an alcoholic solution of bichloride of mercury is added to. 
an alcoholic solution of bismuthous ethide, mercuric ethochloride 
crystallizes out, whilst bismuthous dichlorethide remains in solu- 
tion : 


C,H, (CH, T 
BijCH, + 2HgC = Biy Cl’ + 2Hg {ls 
iH Cl 


Bismuthous Bismuthous Mercuric 
ethide. dichlorcthide. chlorethide. 


From the bismuthous dichlorethide, the diiodide and dioxyethide 
are prepared by double decomposition, whilst the simultaneous 
action of sulphuretted hydrogen, water, bismuthous ethide, and 
atmospheric oxygen is said to produce the double compound of 
bismuthous sulphide and bismuthic sulphotriethide. 


Leap Srries.*—-The following bodies only are known, the 
ethyl group alone having been explored : 


* Liéwig, Ann. Ch. Pharm., Ixxxviii, 3!8; Buckton, Phil. Trans., 1859, p. 417. 
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Plumbic oxytriethide 
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Plumbic triethylosulphate Pb, 
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Plumbic ethide Pb, 
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The existence of the first of these bodies cannot be said to be 
clearly established ; but by the action of an alloy of sodium and 
lead upon iodide of ethyl, a colourless, mobile, volatile liquid is 
obtained, which, when dissolved in alcohol or ether, and exposed to 
the air, forms plumbic oxytriethide, a body which is however 
more readily obtained by the decomposition of the chloride witl 
oxide of silver: 


+ AgO = 


Plumbic chlorotriethide. Plumbic oxytriethide. 


Plumbic ethide is a colourless limpid fluid, soluble in ether, but 
insoluble in water, and possessing a faint odour. It is not acted 
upon by oxygen at ordinary temperatures, but chlorine, bromine, 
and iodine act violently upon it. Plumbic ethide belongs to the 
class of saturated bodies, and is consequently incapable of forming 
compounds. When it is treated with hydrochloric acid, hydride 
of ethyl separates and plumbic chloro-triethide is formed : 
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+ HCl = + Colts 


Hydride of 
ethide. chlorotriethide. ethyl. 


From plumbic chloro-triethide the sulphates and other salts can 

« be prepared by double decomposition. These salts may also be 

obtained still more readily from the oxide, which is a crystalline, 

volatile, pungent body, possessing a powerful alkaline reaction, and 
attracting carbonic acid from the air. 


Mercuric Series.t+—This series is confined to bodies of the 
mercuric type, no organo-mercurous compound having been yet 
produced. It comprises the following members : 


se 


_ 
— 
Q 
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ww 


Mercuric methiodide 


w 


Mercuric methhydrate 


H 
O, 
H 


Mercuric methonitrate 


or) 
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Mercuric methide 


i “mit © 


oe 


Mercuric ethiodide 


_ 


ao 


Mercurie ethohydrate 


i) 


Mercuric ethonitrate 


a7) 


on 


mit Om of 


on 


Mercuric ethide 
Mercuric ethylomethide 


Mercuric methide and mercuric ethide are colourless, ethereal, 
volatile liquids, insoluble in water, but insoluble in alcohol and 
* Frankland, Phil. Trans., 1852, p. 436, and Phil. Trans., 1859, p, 409; Diin- 


haupt, Ann, Ch. Pharm., xcii, 371; Strecker, Ann. Ch. Pharm., xcii, 57; 
Buckton, Phil. Trans., 1858, p. 163, and 1859, p. 417. 
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ether, and possessing great stability. They are in a state of 
maximum saturation, and cannot therefore unite with any other 
body without the displacement of an equivalent of positive radical. 
Thus with bromine, mercuric ethide gives bromide of ethyl and 
mercuric ethylobromide : 

Hg sto H + 8Br = Hg {"$ “set 


Mercuric Mercuric Bromide of 
ethide. ethylobromide. ethyl. 


With hydrated sulphuric acid the action is: 


C\H x CH, , C,H 
Hg One + $0,H = as 1" gor + at 


Mercuric Mercuric Hydride of 
ethide. ethosulphate. ethyl. 


Mercuric methide possesses the highest specific gravity of any 
known non-metallic liquid (3°069). Glass consequently floats 
upon its surface. Brought in contact with mercuric iodide, 
mercuric methide and mercuric ethide are converted respectively 
into mercuric methiodide and mercuric ethiodide : 

< 
Hg OH + Hg . = Sle {Cos 


Mercuric methide. Mercurie methiodide. 


(C,H, Po ghee 
He jon’ + Hg ft = Hg 1°y%s 


Mercuric ethide, Mercurie ethiodide, 


The reaction with mercuric chloride is exactly analogous. The 
hydrates of mercuric methoxide and mercuric ethoxide are caustic 
alkaline bases, capable of expelling ammonia from its salts, and 
behaving in a manner similar to the corresponding uniatomic 
compounds of tin and lead. The remaining mercury-compounds, 
which may be considered as derivatives of these two bodies, are 
represented in the above list by the iodides and nitrates: they 
generally crystallize very readily, and, with the exception of the 
haloid compounds, are soluble in water. When their aqueous 
solutions are treated with zinc, they are decomposed, the zinc 
becomes amalgamated, and gaseous hydrides of the positive 
radicals are evolved. It is highly probable that there are two 
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stages in this reaction, organo-zinc compounds being first formed 
and then decomposed by contact with water; thus with mercuric 
methiodide— 

C,H C,H 

He ; Ms 4 Zn = Zn, oe + 2%nI + 2Hg 
Mercuric methiodide. Zinc-methyl. 

and then: 

C,H Hl o C,H 

veer Water. Hydride of methyl. 


This view of the reaction is confirmed by the fact that when 
zinc acts upon mercuric methiodide at 150° C., zinc-methyl is 
produced. When one of the above iodides or the corresponding 
chloride or bromide is treated with an organo-zinc compound, the 
negative element becomes replaced by the alcohol-radical of the 
zinc-compound ; thus, when mercuric methiodide is treated with 
zinc-methyl, mercuric methide is produced. And it is believed 
that by acting upon mercuric ethochloride with zinc-methyl, 
mercuric ethylomethide is produced : 


C,H C,H, 
2g | fs 4 Zn, Our = 2H¢ sOH y° + 2umC1 


Mercuric ethochloride. Zinc-methyl. Mercuric ethylomethide. 


but this body has not yet been obtained in a state of purity ; 
distillation gradually resolves it into mercuric methide and 
mercuric ethide : 


6 a C,H C,H 
ong on’ = He{@ut + Be {oq 


Mercuric ethylomethide. Mercuric methide. Mercuric ethide. 


Antimony Series.*—This important series of organo-metallic 
bodies contains a greater number and variety of compounds than 
any other, with the exception of the arsenic series. The remark- 
able polyatomic character of antimony and arsenic not only 
renders the possible number of their organo-compounds very 


* Léwig, Ann. Ch. Pharm., Ixxv, 315, 327; Landolt, Ann. Ch. Pharm, 
Ixxviii, 91; Buckton, Chem. Soc. Qu. J., xiii, 115; Hofmann, ibid, xi, 316. 
VOL, XIII. P 
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large, but the variation in the proportions of the positive and 
negative molecules gives an extremely wide range to their 
chemical character, extending, as it does, from highly caustic 
bases on the one hand to powerful bibasic acids on the other. 
The following are the principal compounds belonging to this 
series : 


C,H, 
Trimethylstibine Sb < C,H, 
C,H, 
(C,H, 
| CoH, 
Antimonic trimethoxide Sb . C,H, 
O 

| 8 
C,H, 
C,H, 
Antimonic trimethochloride Sb (C,H, 
Cl 

& 
C,H, 
we \ CoH, 
Iodide of tetramethylstibonium sb /C.H 
or antimonic tetramethiodide (Ce H 
outs 

I 
C,H, 
ae (crm: 

Hydrate of tetramethylstibonium = gy) /G°y 
or antimonic tetramethylhydrate [CoH 
H O, 
C,H, 
C,H, 
Antimonic trimethosulphate Sb < C,H, 
SO, 
SO, 
C,H; 
Triethylstibine Sb < C,H, 
C,H; 
C,H; 
C,H; 
Antimonic triethoxide Sb Cs 
O 
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Antimonic triethochloride 


Iodide of tetrethylstibonium 
or antimonic tetramethiodide 


lodide of methylo-triethylstibonium 
or antimonic triethomethiodide 


Hydrate of tetrethylstibonium 
or antimonic tetrethylhydrate 


Antimonic triethosulphate 


Sulphate of tetrethylstibonium 
or antimonic tetrethylsulphate 


Antimonic triethantimonite 


Antimonic triethoxiodide 


Triamylstibine 
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C,oH), 


a , 102411 
Antimonic triamylchloride Sb (C,,H,, 
Cl 
la 
C,oH,, 
eh wee ' 10/411 
Antimonic triamylnitrate Sb (C,,H,, 
N O, 
N O, 

It is remarkable that we have-as yet no decisive evidence in 
this series, of the existence of a compound corresponding to 
cacodyl. It is true that such a body has been described under the 
name of stibbiamyl, but subsequent experiments have failed to 
confirm its existence. Amongst organo-antimony compounds, 


R+ 
therefore, the most simple form is Sb Et . Bodies of this form 
R+ 
are the analogues of ammonia, and need not be here described, 
R+ 
R+ 
since their history, and also that of bodies having the form Sb | R+ 
R+ 
- 


will be found in a discourse upon “ Ammonia and its Derivatives,” 


delivered to this Society, June 17th, 1858, by Dr. Hofmann.* 
The only bodies, therefore, of this series requiring notice here 
R+ 
R+ 
are those of the form Sb {R+, and their derivatives. When the 


R— 
two atoms of R— are oxygen, these compounds constitute what 
may be termed biacid antimony bases. They are formed either 
R+ 
by the direct union of the stibamines ( Sb R+ ) with oxygen. 
R+ 


R+ R+ 
SbiR+ + O, = SbjR+ 
R+ O 


* See vol. xi, p. 252, of this Journal. 
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or by the decomposition of the corresponding haloid compounds 
by means of potash: thus— 


R R+ 
R R+ 
SbsjR + 2KO = SbsR+ + 2KCl 
Cl O 
Cl O 


The stibamines, although in other respects the perfect analogues 
of the nitramines, here evidently exhibit a much more highly 
positive character, uniting with oxygen so energetically as to be 
spontaneously inflammable in the lower portion of the series. 

The biacid antimony bases are colourless, transparent, amor- 
phous, and tenacious bodies; the ethyl base is easily soluble in 
water and alcohol, but somewhat less soluble in ether. They 
possess a bitter taste, are non-volatile, and do not suffer any 
change when exposed to the air. Treated with potassium they 
are reduced to stibamines : 


R+ 
JR+ R+ 
Sb<R+ + 2K = sb Rs + 2KO 
[° R+ 

O 


Fuming nitric acid decomposes the biacid bases with ignition; but 
when they are treated with dilute nitric or other acid, the respec- 
tive biacid salts are produced. The oxysalts are soluble in water 
or alcoho] ; most of them crystallise without much difficulty, as do 
also the antimonic biniadides ; but antimonic triethobromide and 
triethochloride are liquids not volatile without decomposition, 
insoluble in water, but soluble in alcohol and ether. 

The existence of antimonic triethoxiodide has been recently 
proved by Strecker. It had previously been regarded by Merck 
as a proteiodide of stibethine (Sb(C,H,),1). 


Arsenic Series.*—This series is perhaps the most important 
and interesting amongst organo-metallic bodies ; it contains the 
first discovered organo-metal, cacodyl, the classical investigation of 


* Cadet (1760), Mém. de Math. et Phys. de Savants étrang., iii, 688; Thénard, 
Ann. Ch. lii, 54; Bunsen, Ann. Ch, Pharm., xxiv, 27; xxvii, 1; xlii, 14; xlvi, 1; 
Frankland, Ch. Soc. Qu. J., ii, 299; Cahours et Riche, Compt. rend., xxxvi, 
1001; Landolt, Ann. Ch. Pharm., Ixxxix, 301; Hofmann, Chem. Soc. Qu. J., 
xi, 316. Baeyr, Ann. Ch. Pharm. evii, 257 ; cv. 265. 
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which by Bunsen not only imparts a completeness to our know- 
ledge of this series, but has afforded the clue to the successful 
interpretation of many phenomena met with in other analogous 
families. It will be convenient to divide its very numerous 


members into three groups. 


, R 
A. Organo-arsenical compounds of the type As iF 


B. Organo-arsenical compounds of the type As | 
R 


C. Organo-arsenical compounds of the type As 


All arsenical compounds permit of being arranged under these 
three types. The following are the principal bodies already 


investigated : 


A. Organo-arsenical Compounds of the Type As Es 
C,H 
Cacodyl As teat 
Ethylic cacodyl 
Propylic eacody] 


Butylic cacodyl 


R 
B, Organo-arsenical Compounds of the Type As F 
R 


’ C,H, 
Oxide of cacodyl As + C,H, 
O 


. C,H, 
Sulphide of cacodyl As + C,H, 
S 


: C,H, 
Chloride of cacodyl As + C,H, 
( Cl 
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Arsenious dioxymethide 
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Arsenious disulphomethide 
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Arsenious dichloromethide 
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Trimethylarsine 
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Arsenious diethiodide 
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Triethylarsine 
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C. Organo-arsenical Compounds of the Type As 


This group may be conveniently divided into four families or 
sub-types, viz. : 


R+ 
R— 
a. Bodies of the form As < R—, and their derivatives. 
i 
ts 
R+ 
R+ 
b. Bodies of the form As / R—, and their derivatives. 
= 
= 
R+ 
R+ 
c. Bodies of the form As (R-+, and their derivatives. 


R— 
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d. Bodies of the form As 


a. Sub-type 


Monomethylarsenic acid 


Monomethylarseniates 


Arsenie dioxydiehlormethide As 


Arsenic tetrachlormethide 


b. Sub-type 


Cacodylic Acid 
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Cacodylates 


Sulphocacodylic acid 
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Ethyl-cacodylates 
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Arsenic triethoxide 
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Sulphate of tetramethylarsonium 
or arsenic tetramethylsulphate 
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Todide of tetramethylarsonium 
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Oxide of dimethyl-diethylarsonium 
or arsenic dimethyl-diethyloxide 
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Iodide of dimethyl-diethylarsonium 
or arsenic dimethyl-diethyliodide 
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Nitrate of dimethyl-diethylarsonium 
or arsenic dimethyl-diethylnitrate 
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Oxide of tetrethylarsonium 
or arsenic tetrethoxide 
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Sulphate of tetrethylarsonium 
or arsenic tetrethylsulphate 
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Chloride of tetrethylarsonium 
or arsenic tetrethylchloride 
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Iodide of dimethyl-diamylarsonium A 
or arsenic diamyliodide P 


_ 
~~ 


The organo-arsenical compounds belonging to the type As iF 


contain only positive radicals. ‘They are volatile poisonous liquids, 
insoluble in water, but very soluble in alcohol and ether, and 
possessing an insupportable odour. The lower members of the 
family are spontaneously inflammable, whilst the higher ones 
also rapidly oxidise in air. They unite with negative elements 
with great energy, manifesting in their combinations either a 
uniatomic or a teratomic character, and producing bodies either 
R+ 
ae 
of the form As te or As |R— Thus cacodyl forms with 
Riu ‘is 
= 
chlorine, chloride of cacodyl and terchloride of cacodyl. 
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C,H, 

C.H 
As {OH Cl C.H, 
"UGH; 7 “Ua 


Cacodyl. Chloride of cacc cacodyl. 
C,H 
As ; rea” 
C,H, 


Cacodyl. Terchloride of cacodyl. 


Methylic cacodyl boils at 170° C., and ethylic cacodyl between 
185° and 190° C. 
Heated to 400° C., cacodyl splits up into metallic arsenic, 
hydride of methyl, and olefiant gas: 
2As 1H H, = As, + 2 C, Hts i + C,H, 
Cacodyl. Hydride of methyl. Olefiant gas. 


Bodies of this type can be regenerated by reducing agents from 
many of their uniatomic compounds; thus chloride of cacodyl 
and metallic zinc give cacodyl and chloride of zinc ; 


C,H 
As jeu + In = As ion + ZnCl 
Cl oe 


Chloride of cacodyl. Cacodyl. 


R 
Organo-arsenical compounds of the type As F are of three 
R 


R+ | R+ 
(2) As et (3) As a 


forms, viz. : 


Those belonging to the first are termed arsines, and are the 
analogues of ammonia; but, like the corresponding antimony 
compounds, in addition to their alkaloid function, they have the 
power of combining with two negative atoms, forming bodies of 
R+ 
(R+ 
thc sub-type As < ey Thus triethylarsine combines with oxygen 


Da 
to form arsenic dioxytriethide. The lower members of the type 
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possess this property to such an extent as to render them spon- 
taneously imflammable in air. 

Compounds belonging to the second of the above forms are 
produced by the direct combination of the cacodyls with negative 
elements, the oxides are bases of comparatively feeble power, 
slowly combining with two additional equivalents of oxygen, to 
form acids. Thus oxide of cacodyl, by exposure to air, slowly 


passes into cacodylic acid : 
C,H, 
C,H, C,H, 
As<C,H, + O, = As O 
O O 


O 
Oxide of cacodyl. Cacodylic acid. 


The chlorine, bromine, and iodine compounds of the form we 
are now considering are volatile neutral bodies, which may be 
regarded as the haloid salts of cacodyl. Heated in contact with 
bichloride of platinum, the chloride of cacodyl presents an inte- 
resting re-action; two equivalents of hydrogen in the cacodyl 
become replaced by a biatomic molecule of platinum, producing 
chloride of cacoplatyl. 


Cl Cl 
Chloride of cacodyl. Chloride of cacoplatyl. 


C,H, C,H, 
As{C,H, + PtCl = As4C,Pt’H + 2HCI 


Cacoplatyl forms a series of compounds analogous to those of 
cacodyl. 

The only compounds of the third form yet known belong to the 
methylic group. Arsenious dioxymethide is a crystalline body 
of a neutral character, soluble in water, alcohol, and ether, un- 
changed by exposure to air, but transformed by distillation with 
hydrate of potash into arsenious acid and oxide of cacodyl : 

- (C,H, ‘C,H, 
2 As {0 = AsO, + As 1c 
O O 


Arsenious dioxymethide. Oxide of cacodyl. 
Hydrochloric acid converts it into arsenious dichlormethide : 
C,H, 
O 


Arww' ove dioxymethide. Arsenious dichlormethide. 
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Hydrobromie and hydriodic acids produce a perfectly analogous 
change, whilst sulphuretted hydrogen tranforms it into arsenious 
disulphomethide. The chloric compound can also be formed by 
heating arsenic trichlormethide to 50° C. 


C.H 
ow eee oe a Cis 
Cl 


Arsenic Arsenious Chloride of 
trichlormethide. dichlormethide. methyl. 


The chlorine, bromine, and iodine compounds are. neutral bodies 
of considerable stability ; the two former are liquid, the latter solid 


and crystalline. By the action of chlorine or oxidising agents, they 
R + 


R 
_ 
R 


are transformed into bodies of the form As 


Organo-arsenical compounds have been more thoroughly investi- 


R 
R 

gated in the direction of the type As ( R than in any other; conse- 
R 


R 
quently we find these bodies rather numerously represented, 
R + 
R + 
especially under the subtype As “ +. As the latter bodies, 
+ 
however, are the strict analogues of the compounds of ammonium, 
their chemical relations will be found fully described in Dr. Hof- 
mann’s discourse before alluded to, 
R + 
R 
Sub-type As {R — has only yet been explored in the methylic 
R 


R= 
group. The oxygen-compound constitutes anhydrous monomethyl- 
arsenic acid, a direct derivative from arsenious dioxymethide : 
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C,H, 


C,H, O 
As O + 2AgO = As O + 2Ag 
O O 
O 


Arsenious dioxymethide. Monomethylarsenic acid. 


This acid is bibasic, forming stable and well defined crystallisable 
salts, the formule of which are represented by the general ex- 
pression 

C,H, 

O 

As O 
MO.,< 
MO, 

The chlorine compound is exceedingly unstable ; it may however 
be formed at —10°C., but is transformed at 0°C, into arsenious 
chloride and chloride of methyl: 


Cl 
AsJCL + Colts 
Cl 


Arsenic tetrachlormethide. Chloride of metbyl. 


Arsenic dioxydichlormethide is a somewhat more stable body 
formed by the direct union of chlorine with arsenious dioxymethide. 
C,H, 


C,H, O 

As O + Cl = As O 
O Cl 

Cl 


Arsenious dioxymethide. Arsenic dioxydichlormethide. 


Nevertheless, even this compound readily decomposes, with 
evolution of chloride of methyl. 


R 
R 

Sub-type As «R The oxygen-compounds are feeble mono- 
R 


R 
basic acids of which cacodylic acid may be regarded as the repre- 
R + 
sentative. They are derived from the bodies As rf + by direct” 
O 
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oxidation as already described. Cacodylic acid 1s remarkable for 
its stability ; neither fuming nitric acid nor a mixture of sulphuric ; 
and chromic acids attack it, even at the boiling point, and it may 
be heated to 200° C. without alteration. Although it is soluble in 
water and contains upward of 54 per cent. of arsenic, yet it is not in 
the least poisonous. Several agents reduce cacodylic acid to the 
arsenious or even to the diatomic form. Thus phosphorous acid 
transforms it into cacodyl : 


Cacodylic acid. Cacodyl. 


Zinc also produces the same result. Hydriodic acid gas con- 
verts cacodylic acid into arsenious dimethiodide : 


C,H, 
As{C,H, + I, + 8HO 
I 


The acid character of this body is so slightly marked as to 
render it capable of forming compounds in which it appears to play 
the part of a base. Thus with hydrofluoric, hydrochloric and 
hydrobromic acids, it forms the following compounds : 


~ 


©. mo 


Hydrofluate of cacodylic acid] As | 


AQ i 
Oo == rd O ¢ 


[) 
w 


Hydrochlorate of cacodylic acid As 


mo 
© 


Oo Fm 


is} 


Hydrobromate of cacodylic acid As 


ro fo 
re 
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The hydrobromate reacts perfectly neutral. The cacodylates 


have the formula : 

C,H, 

C,H, 
O 


O 

MO, 
Sulphocacodylic acid has not yet been isolated, but its salts pre- 
sent the same relations to those of cacodylic acid, as salts of 
sulphur-acids generally bear to those of oxyacids. Their formula is 


C,H, 
C,H, 
S 


As 


As 
S 
MS, 


Sub-type As ‘+ has hitherto been very little explored, so 
R 


[R _ 
far as it is known, but its members bear so close a resemblance 
to their analogues in the antimony-series, as to require no further 
notice. 


Tetturium sERiEs.* The close relations of tellurium to sulphur 
and selenium place the bodies of this series in the same position 
with regard to the sulphides and selenides of the alcohol-radicals 
as the antimony and arsenic series stand in relation to the corre- 
sponding compounds of phosphorus and nitrogen. 

The following bodies belonging to this series are known: 


Tellurium methyl 


Tellurous dimethoxide 


Tellurous methoxychloride 


* Wohler, Ann. Ch. Pharm., xxxv, 112, lxxxiv,69; Mallet, Ann, Ch. Pharm., 
Ixxix, 223; Wéhler and Dean, Ann. Ch. Pharm., xciii, 233. 


VOL. XIII. Q 
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Tellurous dimethiodide Te, 


a 


Tellurium-ethyl Te, 


a 


ao 


Tellurous diethoxide 


a 


mt O Of n “mim Met 


a 


Tellurous diethosulphide 


on 


Acid tellurous diethosulphate 


COmtm nn 
- wD oO 


an 


Tellurous diethochloride 


a 
ao 


mm OOmr 


+ 


ao 


Tellurous diethoxychloride 


© 


1) 


Tellurous diethiodide 


ae oo © 


Tellurium-amyl 


The compounds of the alcohol-radicals with tellurium are vola- 
tile liquids of most unbearable odour. They oxidise readily in 
contact with air, forming the respective oxides. Tellurium-amyl 
has not yet been obtained in a state of purity. 

The oxides of these bodies are powerful bases, expelling ammonia 
from its salts, and attracting carbonic acid from the air. They 
form salts of considerable stability, which, as well as the oxides 
themselves, yield the original organo-tellurium compounds when 
treated with sulphurous acid : 
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C,H, 


. §C,H 
Ms 4 8,0, = Te, on + 8,0, 
O 


Tellurous diethoxide. Tellurium ethyl. 


Constitution, and Theoretical Importance of Organo-metallic Bodies. 

In the year 1852*, at a time when comparatively little progress 
had been made in the investigation of organo-metallic bodies, 
I ventured to propose a view of their constitution which further 
research has completely confirmed. According to this view, the 
organo-metallic bodies are constructed upon the types of the 
inorganic chlorides, sulphides, oxides, &c., of the respective metals 
which they contain, the chlorine, oxygen, sulphur, &c., being 
replaced in equivalent proportion and step by step by the alcohol- 
radicals. 

A reference to the formule of organo-potassium, sodium, 
magnesium, zinc, and cadmium compounds given above, shows 
that they are all formed upon the models of the protochlorides of 
these metals; the general type being 


Cl 
ms ic 


In like manner organo-aluminium compounds are formed upon 
the type of the sesquichloride of that metal : 


Cl 
Al, {Cl 
(cl 


Organo-tin compounds are represented by the three chlorides 


of tin : 
Cl 
Sn, ial Sn, 4Cl 
Cl 


The compounds of the bismuth-series are represented by the 
terchloride of bismuth and by bismuthic acid : 


* Phil. Trans. for 1652, p. 438. 
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Organo-lead compounds are arranged under the types of 
sesquioxide and peroxide of lead : 
O 


O 

Pb, 12 Pb, 40 
O 

O 


The mercury-series are all moulded upon the type of the 


bichloride : 
Cl 
Hg ‘cl 


The arsenic and antimony series have for their types the following 
inorganic compounds : 


O 

. Cl lo Cl | 
As 1; yi dels, be Ocoee Edgeio Bt 
Cl lo la | 
'O 


The inorganic models for the tellurium series are chloride of 


tellurium and tellurous acid: 
O 


Te, 1° 


Occasionally an abnormal compound has made its appear- 
ance, such as ethostibilic acid (Sb (C, H,) 0,) or iodide of 
triethylstibine (Sb (C, H,), J); but further research has invariably 
demonstrated the incorrectness of such formule and the conformity 
of the bodies with the normal inorganic types. Indeed this law 
may now be regarded as sufficiently established to be applicable 
to the control of the formulz of new organo-metallic bodies. 

From the point of view thus afforded, it is interesting to watch 
the effect of the substitution in metallic compounds, of basylous 
or positive for chlorous or negative radicals. Such a substitution 
affords striking evidence of the dependence of the chemical character 
of a compound upon that of each individual constituent. The 
highly polyatomic metals, such as arsenic and antimony, exhibit this 
dependence in the most conclusive manner. Thus tribasic arsenic 
acid, by the substitution of an equivalent of methyl for oxygen, 
yields the bibasic monomethyl-arsenic acid, a well defined acid of 
considerable energy, though inferior in chlorous power to arsenic 
acid. The like substitution of a second equivalent of methyl for 
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oxygen, reduces the chlorous character of the body to the com- 
paratively feeble condition in which we find it in cacodylic acid, 
which is incapable of forming an ammonia-salt. A similar substi- 
tution for the third time, overpowers the acid attribute of the 
compound altogether, and we now have a feeble biacid base, the 
arsenic dioxymethide, which again, by the exchange of a fourth 
atom of oxygen for methyl, is transformed into the oxide of tetra- 
methylarsonium, a base of such energy, as to be comparable with 
the caustic alkalies themselves. 

The behaviour of the organo-metallic bodies teaches a doctrine 
which affects chemical compounds in general, and which may be 
called the doctrine of atomic saturation ; each element is capable of 
combining with a certain limited number of atoms ; and this number 
can never be exceeded, although the energy of its affinities may 
have been increased by combination up to this point. Thus zinc 
appears to attain its atomic saturation by uniting with only one atom 
of another body ; in other words, it is uniatomic, consequently the 
zinccompounds of the alcohol-radicals, notwithstanding their intense 
affinities, are incapable of direct union with other bodies. The 
action of chlorous elements upon them is apparently one of substi- 
tution not of combination. Polyatomic metals exhibit the same 
phenomenon. A couble atom of tin cannot combine with more 
than four atoms ; a single atom of arsenic or antimony with more 
than five atoms of other bodies; but im the combinations of poly- 
atomic metals, we frequently notice from the lowest to the highest 
compound one or more intermediate points of exalted stability ; 
thus antimony has a teratomic stage of comparative stability ; 
nitrogen, phosphorus, and arsenic, whilst exhibiting a similar ter- 
atomic stage, have also a biatomic one, though of greatly inferior 
stability; whilst the existence of protoxide of nitrogen renders 
it more than probable that nitrogen has a third and uniatomic 
stage. 

In bodies possessing at least one stage of stability below saturation, 
and in which all the atoms united with the polyatomic element are 
of the same kind, the stage of maximum stability is very rarely 
that of saturation. Thus in nitrogen, arsenic, and bismuth com- 
pounds of the kind just mentioned, the stage of maximum stability 
is decidedly the teratomic one; in antimonial compounds of a 
similar nature the teratomic is also, though less decidedly, the 
stage of maximum stability, whilst in phosphorous compounds the 
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points of maximum stability and of saturation generally coincide. 
When, however, the atoms united with the polyatomic element 
are not of the same kind, then the stage of maximum stability 
usually coincides with that of saturation. Thus the binoxide or 
bichloride of triethylarsine or triethylstibine are more stable than 
triethylarsine, or triethylstibine themselves; but this pentatomic 
stability reaches its climax in arsonium, stibonium, and phos- 
phonium compounds, as it does also in the corresponding com- 
pounds of nitrogen, although the latter element exhibits a much 
stronger tendency towards universal teratomic stability than its 
chemical associates. 

In polyatomic organo-metallic bodies, it is remarkable that, 
with few exceptions, the positive hydrocarbons hold their position 
much more tenaciously than the associated negative constituents ; 
and we thus frequently find the former accompanying the metal 
through a vast number of compounds. Hence the group formed by 
the metal and positive hydrocarbons has come to be regarded as 
a compound radical. Thus cacodyl is conceived to be the radical of 
the whole series of cacodyl compounds. But however great may be 
the convenience of this mode of viewing organo-metallic com- 
pounds, and the same mode has notoriously been extended to nearly 
all organic bodies, it must not be forgotten that it is a purely 
artificial distinction, which has no real existence, either in the case 
of organo-metallic bodies, or, as I shall endeavour to show, in that 
of organic bodies in general. 

A close examination of the habits of the so-called organo- 
metallic radicals shows clearly, that their atomic power depends 
upon their position with regard to the stages of stability and 
maximum saturation ; thus they are uniatomic when the number of 
positive groups is one less than that required to reach either the 
maximum saturation of the metal, or a lower stage of stability. 
Cacodyl and tetramethyl-arsonium, for instance, are uniatomic 
radicals, because they are respectively one atom short of the stage 
of stability, and of maximum saturation : 


Uniatomic stage. Stage of stability. 


C,H 
As tot’ 


Cacodyl. Chloride of 
cacodyl. 
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Uniatomic stage. Stage of maximum saturation. 


Tetramethylarsonium. ~ Chloride of - 
tetramethylarsonium. 

It is obvious that a compound radical, the number of whose 
positive atoms is below that of a stage of stability, can have a 
double atomic character. Thus cacodyl is sometimes uniatomic, as 
in oxide of cacodyl ; and sometimes teratomic, as in cacodylic acid. 
Again arsenio-monomethyl (AsC,H,) is biatomic in arsenious 


dioxymethide : 
C,H, 
As O 
O 


and quadratomic in monomethylarsenic acid : 
C,H, 
O 


As( O 
O 
O 


_ If these views of the constitution and character of organo- 
metallic bodies and their compounds be correct, their application 
to the organic compounds of carbon becomes inevitable. Regarded 
from this point of view, the double atom of carbon, like that of tin, 
is quadratomic in perchloride of carbon and carbonic acid : 


Perchloride of carbon. Carbonic acid. 


and biatomic in protochloride of carbon and carbonic oxide : 


Cl (O 
Cy ial C2 10 


Protochloride of carbon. Carbonic oxide. 


In other words, the quadratomic stage in carbon-compounds is 
the stage of maximum saturation, whilst the biatomic stage is one 
of exalted stability. If we substitute an atom of chlorine in per-. 
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chloride of carbon by one of ethyl, we produce a body having the 
formula of trichlorhydrin : 
C,H, 

Cl 

Cl 

Cl 

If now a second atom of chlorine be substituted by one of 
hydrogen, we have a body exhibiting the composition of bichloride 


of propylene : 


C, 


C,H, 
H 


“7 cl 
Cl 
This view of the constitution of bichloride of propylene renders 
its relations to allyl and glycerin compounds at once simple and 
intelligible. 

The substitution of a third atom of hydrogen gives the formula 
of chloride of propyl : 
C,H, 

H 

H 

Cl 
whilst the substitution of the last atom of chlorine by hydrogen 
yields hydride of propyl, and its replacement by ethyl yields the 
so-called double radical ethylpropyl. It still remains for experiment 
to produce these bodies from perchloride of carbon, and to show 
that they are identical with the known compounds possessing the 
same percentage composition.* If, however, we turn to the 
oxygen-compounds of carbon, we are not entirely without experi- 
mental evidence of the correctness of this view; since one atom 
of oxygen in carbonic acid has been replaced by ethyl, with pro- 
duction of the body theoretically indicated, namely propionic acid: 

C,H; 
O 


‘ 
C 2 


C, O 
O 
Could a second atom of oxygen be substituted by hydrogen, we 
ought to produce propionic aldehyde : 
C,H, - 
tiie 
O 


‘ * Such experiments are in progress, but are not sufficiently advanced to be here quoted, 
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The replacement of a third atom of oxygen by hydrogen would 
then yield propylic ether : 
C, 
C, 


5 


H 
H 
H 


whilst the replacement of the last atom of oxygen by hydrogen 
should give rise to hydride of propyl, and by uniatomic peroxide of 
hydrogen, to propylic alcohol : 
C,H, 
aT H 
C, H 
H 
Hydride of propyl. Propylic alcohol. 


The glycols, are also constructed upon the carbonic acid type: 


and to the same type belongs also the teracid alcohol, glycerin. 
C,H, 


C1 HO, 
HO, 


Under the influence of iodide of phosphorus, glycerin yields 
iodide of allyl : 


I 


(0 
, O 
C, {was + Pi HO, + I, 


(HC. 
HO, 


Glycerin. Todide of allyl. Phosphoric acid. 


Here we have a reduction from the carbonic acid to the car- 
bonic oxide type, of precisely the same nature as that which 
occurs when cacodylic acid is reduced to oxide of cacodyl. Allylic 
compounds are therefore constructed upon the carbonic oxide 


type. 
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af. ofp, 


Carbonic oxide. Iodide of allyl. Allylic alcohol. 


It would be easy greatly to extend this view of the constitution 
of organic carbon compounds; but the above examples are sufficient 
to indicate its general application somewhat more fully than I have 
previously done,* and more than this is not desirable until the 
hypothesis has been further supported by experimental results. 

In conclusion, it is evident that this is only one mode of applying 
to organic compounds the law of chemical combination which I 
have endeavoured to deduce from the constitution and behaviour 
of organo-metallic bodies. Its application ought to be, and will be 
found to be, equally truthful in referring organic compounds 
containing hydrogen, oxygen, or nitrogen, to the inorganic typical 
compounds of each of these elements. Thus, for example, we can 
represent alcohol : 


Ist, as derived from carbonic acid : 


C,H, 
Hi O 
O 


8rd, as derived from water : 


0, {CoH 


In like manner, nitrogen compounds and their analogues, whilst 
derived from typical inorganic compounds of nitrogen, are also 


* Ann. Ch. Pharm., ci, 260; Proc. of Royal Inst: of Great Britain for 1858. It 
is highly remarkable that more than thirteen years ago, when such analogies were 
of the most obscure kind, the quick perception of Liebig led him to point out 
analogous relations between carbonic acid, alcohol, formic acid, and marsh gas. See 
Ann, Ch. Pharm., lviii, 335.) 
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true derivatives from the carbon types. Thus trimethylamine is 
correctly written as a derivative from carbonic acid : 


N (C,H). 
H 


C, 
H 
H 


Each of these modes of notation is equally correct; but 
I conceive that a large number of those organic bodies, which 
are usually formulated in accordance with the hydrogen, water, and 
hydrochloric acid models, would be much more usefully expressed 
upon the carbonic acid and carbonic oxide types. The formulation 
of organic compounds is not a matter of indifference, even to the 
chemical investigator; and hence every mode of expression founded 
upon broad chemical relations ought to have the preference over 
more purely artificial methods. 


XX.-—-On Acetoxybenzamic Acid, an Isomer of Hippuric Acid. 
By G. C. Foster. 


Ir we regard hippuric acid as benzoyl-glycocol, or glycocol in 
which an atom of hydrogen is replaced by benzoyl, it seems natural 
to expect that an acid isomeric with, and analogous to, hippuric 
acid, might be obtained by replacing an atom of hydrogen ‘in 
oxybenzamic acid (syn. benzamic acid, amidobenzoic acid) by 
acetyl. From the results recorded in this paper, it appears that 
such is the case. 


When oxybenzamic acid is heated in a sealed tube with about 
half its weight (rather more than one equivalent) of monohydrated 
acetic acid, the whole mass becomes quite fluid at about 130° or 
140°C. but solidifies almost entirely at about 160°, all that remains 
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liquid being the portion of acetic acid used in excess. The reac- 
tion which takes place is the following :— 

C,H,NO, + C,H,O, = C,H,NO, + H,0.* 

Oxybenzamic Acetic Acetoxybenzamic 

acid, acid. acid. 
Using at a time from 15 to 20 grammes of oxybenzamic acid, I 
found that the reaction was quite complete after an hour’s heating 
to 160°, especially if advantage had been taken of the period of 
complete liquefaction to mix the materials thoroughly. 
The same product is also formed by the reaction of chloride of 

acetyl on oxybenzamate of zinc} at 100°: 


C,H,ZnNO, + C,H,OCl = C,H,NO, + ZnCl. 
Oxybenzamate of Chloride of | Acetoxybenzamic 
zine. acetyl. acid. 


On mixing chloride of acetyl with oxybenzamate of zinc, sufficient 
heat is given off to volatilize a considerable part of the chloride of 
acetyl, if care be not taken to condense it, and the whole quickly 
solidifies to a hard mass (probably a combination of the two sub- 
stances, analogous to the combination of hydrochloric acid with 
oxybenzamic acid), which, in a sealed tube at 100°, melts, and 
then again gradually solidifies; complete solidification indicates 
the end of the reaction. 

Oxybenzamate of zinc heated with two equivalents of acetic 
acid, or a mixture of equivalent quantities of hydrochlorate of 
oxybenzamic acid and acetate of calcium with a little acetic acid, 
yields the same product; but neither of these processes is advanta- 
geous, on account of the high temperature required, and the 
difficulty of thoroughly mixing the materials. 


*CO#-13, 0O=i6. 
+ Oxybenzamate of zinc is easily obtained by mixing solutions of chloride of zinc 


and oxybenzamate of calcium. It separates as a granular precipitate which is very 
easily washed on a filter. It is nearly insoluble in water, but soluble in acetic acid. 


3624 grm., dried at 100°, was boiled with carbonate of sodium till completely 
decomposed: the resulting carbonate of zine yielded on ignition ‘0921 grm. 


oxide of zine. 
Calculated. Found. 
Zinc percent. . . . . 21°16 20°42 


I have found the formation of this salt to be a convenient method of separating 
oxybenzamic acid from impure solutions. 
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The substance yielded by these reactions is easily purified. It 
is sufficient to dissolve it in an alkali, to precipitate the solution 
by hydrochloric acid, and to crystallize the precipitate two or 
three times from boiling water or alcohol. Any colouring matter 
which still adheres to the product thus obtained may be completely 
removed by animal charcoal. 

I have named the new substance acefoxybenzamic acid. 

Dried over sulphuric acid, it does not lose weight at 100°. 


‘3788 grm., prepared from acetic and oxybenzamic acids, gave 
‘8382 grm. carbonic acid, and °1766 grm. water. 
‘2913 grm., prepared from chloride of acetyl and oxybenzamate 


of zinc, gave ‘6396 grm. carbonic acid, and ‘139 grm. 
water. 


-4363 grm. of another similar preparation gave ‘9677 grm. car- 
bonic acid, and ‘1987 grm. water. 

4302 grm. of the same product, heated with soda-lime, gave a 
platinum-salt containing *2375 grm. platinum.* 

“4442 grm. of the same product gave 29°2 ec. nitrogen at 0° and 
760 mm. pressure. 


Calculated. Found. 


Mean. 

60°36 59°88 60°49 60°24 
5°18 5°23 5°06 a 5°16 
— _— 7°80 8°25 8°02 

-- —_— — —_— 26°64 


100°00 


Acetoxybenzamic acid is obtained as a white powder, which, 
under the microscope, is seen to be formed of needle-shaped 
crystals. It is almost insoluble in cold water and in ether, and is 
only moderately soluble in boiling water or in cold alcohol ; in boiling 
alcohol it dissolves easily. It has a slightly bitter taste, a good 
deal resembling that of nitre. Like its isomer hippuric acid, it 
dissolves readily in a solution of common phosphate of sodium, 
giving an acid reaction to the liquid, but is reprecipitated by 
acetic or a mineral acid. It is soluble in strong sulphuric acid 
without colouration in the cold, and also in glacial acetic acid ; these 
solutions are precipitated by dilution with water. A mixture of 


* In the decomposition of acetoxybenzamic acid by soda-lime very little ammonia 
is formed ; nearly the whole of the nitrogen is given off as aniline. 
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acetoxybenzamic acid with sufficient strong hydrochloric or nitric 
acid to make it flow easily becomes nearly solid on standing for a 
few minutes, but it was found that a mixture of hydrochloric acid 
and acetoxybenzamic acid loses all its hydrochloric acid when 
dried under a bell-jar over lime and sulphuric acid. 

At about 200° acetoxybenzamic acid sublimes somewhat rapidly ; 
it melts between 220° and 230°, and enters into ebullition at about 
260°, apparently undergoing decomposition at the same time. It 
may be boiled for a long time with water, and even with dilute 
acids, without undergoing perceptible change; but when heated 
in a sealed tube with hydrochloric or dilute sulphuric acid to 
about 140° it is decomposed into oxybenzamic and acetic acids, just 
as hippuric acid is decomposed under similar circumstances into 
glycocol and benzoic acid. A quantity of hydrochlorate of oxy- 
benzamic acid thus obtained, gave the following results on 
analysis :-— 


‘3767 grm., burned with chromate of lead, gave ‘677 grm. car- 
bonic acid, and *1719 grm. water. 
‘4399 grm. gave ‘3624 grm. chloride of silver. 


Calculated. Found. 
Carbon ... . 48°42 49°01 
Hydrogen ... 461 5°07 
Chlorine. . . . 20°46 20°39 


Another quantity of acetoxybenzamic acid was decomposed by 
dilute sulphuric acid of 10 per cent. When the decomposition 
was complete, the contents of the tube were transferred to a retort 
and distilled. The distillate was saturated with carbonate of 
barium, filtered, and evaporated. The barium-salt so obtained 
proved to be acetate of barium. 


‘8039 grm., dried at 120°, gave -7345 grm. sulphate of barium. 


Calculated. Found. 
C,H,BaO, 
Barium percent. . . . 53°73 53°72 


The residue in the retort deposited, on cooling, crystals of 
sulphate of oxybenzamic acid. 

Acetoxybenzamic acid is similarly decomposed by an alcoholic 
solution of hydrochloric acid, but oxybenzamate and acetate of 
ethyl are formed at the same time as the corresponding acids. The 
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decomposition takes place slowly in the cold, but quickly at 100°. 
On distilling the product of the reaction in a water-bath, a light 
ethereal liquid, possessing the smell and general properties of acetate 
of ethyl, passed over with the excess of alcohol, and was separated 
from it by the addition of water. The residue in the retort 
crystallized on cooling in radiating needles. The crystals, which 
were very soluble in water and alcohol, but slightly soluble in 
ether, were recrystallized from water, washed with ether, and dried 
over sulphuric acid. 


‘4748 grm. gave ‘3501 grm. chloride of silver. 

‘392 grm. gave ‘2924 grm. chloride of silver. _ 

*5091 grm., burned with chromate of lead, gave 9642 grm. 
carbonic acid, and °2638 grm. water. 


These results correspond to a mixture of the hydrochlorates of 
oxybenzamic acid and oxybenzamate of ethy]. 


Hydrochlorate of Found. Hydrochlorate of 
oxybenzamic acid. oxybenzamate of ethyl. 


Carbon . . . 48°42 51°65 53°60 
Hydrogen . . 461 5°76 5°96 


Chlorine. . . 20°64 1824 1845 17°62 


What was left of the crystals, after making the above analyses, 
was dissolved in water, a slight excess of milk of lime added, and 
the whole shaken up with ether. The ether left, on evaporation, 
an oily liquid, apparently oxybenzamate of ethyl, which was nearly 
insoluble in water, but soluble in hydrochloric acid, giving a | 
chloride insoluble in ether and combining readily with bichloride 
of platinum. The quantity of the platinum salt obtained was not 
sufficient for a determination of the percentage of platinum. The 
aqueous liquid, from which the ether had been poured off, was 
filtered, and the excess of lime separated by carbonic acid. After 
being somewhat concentrated by evaporation, it gave with chloride 
of zinc a precipitate resembling oxybenzamate of zinc. 

Attempts were made to obtain acetoxybenzoic acid, C,H,O,, 
isomeric with benzoglycoilic acid, by the action of nitric oxide on 
a mixture of nitric acid and acetoxybenzamic acid, and also by the 
action of nitrous acid on a boiling aqueous solution of acetoxyben- 
zamic acid, but in both cases the only product was a nitro-substi- 
tution compound. 

Acetoxrybenzamate of potassium was prepared by digesting a 
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solution of the acid in strong alcohol with dry carbonate of potas- 
sium. It is exceedingly soluble in water, and dissolves easily in 
alcohol, but is precipitated from this solution by ether. From a 
solution in alcohol containing more than about 10 per cent. of 
water, it is precipitated by ether in the form of a strong aqueous 
solution which solidifies only after standing for a considerable time. 

Acetoxybenzamate of sodium, C\H,NaNO, + #H,O.—This salt 
was prepared in the same way as the potassium salt. It is very 
soluble in water and easily soluble in alcohol, but can be obtained 
crystallized somewhat more easily than the potassium salt. It is 
insoluble in ether, and is not deliquescent. 


‘468 grm., dried between 120° and 130°, gave ‘1636 grm. 


sulphate of sodium. 
Calculated. Found. 


C,H,NaNO, 
Sodium percent. . . 11°44 11°32 
Acetoxybenzamate of barium, C,5H,BaNO, + 14H,O.—Obtained 


by saturating a hot aqueous solution of the acid with carbonate of 
barium. It is very soluble in water and crystallizes by the 


spontaneous evaporation of its solution in minute radiating needles 
grouped together in tufts. It dissolves readily in spirit of wine, 
but is precipitated from a strong aqueous solution by absolute 
alcohol. It loses only a part of its water of crystallization at 100°; 
for analysis it was dried between 130° and 145°. 


1°8854 grm., dried over sulphuric acid, lost -1812 grm. water 
between 130° and 145°. 
‘8776 grm. lost ‘0887 grm. water at the same temperature. 
‘6464 grm. of the dry salt gave ‘3027 grm. sulphate of barium. 
‘3783 grm. gave ‘1774 grm. sulphate of barium. 
3918 grm. gave ‘1824 grm. sulphate of barium. 
‘9185 grm., burned with chromate of lead, gave 1:4625 grm. 
carbonic acid, and ‘288 grm. water. 


Calculated. Found. 


Fam 


108 43°81 —_ — 
8 3°25 — — 
68°55 27°79 §=27°54 - 27°32 27°42 
14 5°68 — — — 
48 19°47 — — — 


C,H,BaNO, 2465 10000 
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Calculated. Found. 
C,H,BaNO, + 14H,O 
Water of crystallization . . 9°87 9°61 10°11 


~ 


Acetoxybenzamate of calcium, C,H,CaNO, + 14H,0O.—This salt 
was prepared by saturating the acid with milk of lime and 
removing the excess of lime by carbonic acid. It is only 
moderately soluble in cold water, and can be easily obtained in 
well-defined crystals, consisting of very thin rhombic plates, by 
cooling its hot aqueous solution. 


6428 grm., air-dry, lost ‘08] grm. water at 130°. 
‘63 grm. lost (0781 grm. water at 130°. 
‘2978 grm., dried at 130°, gave *1039 grm. sulphate of calcium. 
‘2087 grm. gave ‘0722 grm. sulphate of calcium. 
‘342 grm., burned with chromate of lead, gave ‘6786 grm. car- 
bonic acid, and ‘1337 grm. water. 
Calculated. Found. 
54°55 o —  bel2 
4°04 ae — 434 
20 10°10 10°26 = 10°17 — 
14 7°07 — _ — 
48 24°24 — — — 


C,H,CaNO, 198 100-00 
Calculated. Found. 
C,H,CaNO, + 1$H,O 
Water of crystallization . . . 120 12°6 12°4 


Acetate of lead gives, with a solution of an acetoxybenzamate, 
a sticky precipitate which melts in boiling water and gradually 
dissolves ; it is also soluble in alcohol. 

Nitrate of silver and chloride of zinc, give no precipitate with a 
moderately strong solution of an acetoxybenzamate. With a con- 
centrated solution, nitrate of silver gives a precipitate which 
blackens on boiling. 

Acetoxybenzamate of ethyl.—This substance cannot be obtained 
by the process indicated by Stenhouse for the preparation of 
hippurate of ethyl, namely, by heating the acid with alcohol 
saturated with hydrochloric acid. The manner in which acetoxy- 
benzamic acid is decomposed under these circumstances has 
already been described. When acetoxybenzamic acid and absolute 
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alcohol are heated together, no apparent action takes place at 
100°; but at about 150° a compound is formed which is soluble in 
ether and can thus be separated from the acid which remains in 
excess. This body, which is probably acetoxybenzamate of ethyl, 
is very slightly soluble in cold water, but tolerably soluble in hot 
water; from this solution it sometimes separates, by cooling, in 
the form of an oil which solidifies gradually on standing. If long 
boiled with water it regenerates acetoxybenzamic acid. It is very 
soluble in alcohol. On heating this substance to 100° in a 
Liebig’s drying-tube, in order to dry it for analysis, a few drops 
of a colourless liquid which was scarcely soluble in water but 
miscible with alcohol, and which greatly resembled carbolic acid 
in taste and smell, condensed in the tube leading to the aspirator. 
As this liquid continued slowly to distil after the substance had 
been heated for many hours to 100°, the temperature was raised to 
between 130° and 135°. At this temperature the liquid distilled 
more rapidly and was accompanied by a crystalline sublimate; at 
the same time the supposed acetoxybenzamate of ethyl rapidly 
became of a dark brown colour. Neither the liquid nor the sub- 
limate was obtained in sufficient quantity for further examination. 
Cahours* mentions a substance which he obtained by the 
action of chloride of benzoyl on oxybenzamate of silver, but of 
which he neither gives the formula nor describes the properties. 
Hoping to obtain benzoyl-oxybenzamic acid, I reacted on 
oxybenzamate of zinc with chloride of benzoyl. The product 
was an acid insoluble in cold water and in ether, slightly soluble 
in boiling water, in alcohol, and in chloroform, and resembling 
acetoxybenzamic acid in taste and in its appearance under the 
microscope. A determination of nitrogen by Dumas’s process 
and the mean of two concordant combustions gave the following 
results :— 
Carbon ‘ ‘ ‘ ; . 68:03 
Hydrogen . } , ‘ . 5°12 
Nitrogen. ; ‘ ‘ » eat 
Oxygen ‘ ; ‘ : . 20°58 


100-00 


which differ too much from the calculated composition of benzoyl- 
oxybenzamic acid ; namely— 


* Ann. Ch. Pharm., ciii, 90. This product is spoken of as glycobenzamic acid in 
the Handwérterbuch. 
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Carbon ‘ . : : . 69°71 
Hydrogen . : ‘ : . 4456 
Nitrogen. , ‘ . 5°81 
Oxygen ; : ; - 19°92 


100-00 


lt is a matter of some interest to consider the relation in which 
acetoxybenzamic acid stands to hippuric acid, and the nature of 
the isomerism of these two bodies. 

If we bear in mind the close analogy which exists between 
glycocol and oxybenzamic acid, the formation of acetoxybenzamic 
acid from chloride of acetyl and oxybenzamate of zinc is strictly 
comparable to the formation of hippuric acid from chloride of 
benzoyl and zinc-glycocol; and its decomposition, when heated 
with water in presence of a strong acid, into acetic and oxyben- 
zamic acids is analogous to the decomposition of hippuric acid 
into benzoic acid and glycocol. 

C,H,OCl + C,H,ZnNO, = C,H,N,O + ZnCl 


Chloride of acetyl. Oxybenzamate of zinc. Acetoxybenzamic acid. 


C,H,OCl] + C,H,ZnNO, = C,H,NO, + ZnCl 


Chloride of benzoyl. Zine-glycocol. Hippuric acid. 


C,H,NO, + H,O = C,H,O, + C,H,NO, 


Acetoxybenzamic acid, Acetic acid. Oxybenzamic acid. 


C,H,NO, + H,O = C,H,O, + C,H,NO, 
Hippuric acid. Benzoic acid. Glycocol. 


Allowing for the difference between acetyl and benzoyl, acetoxy- 
benzamic acid is to oxybenzamic acid what hippuric acid is to 
glycocol. The simplest way of expressing these relations in the 
formule of the two substances is to write acetoxybenzamic acid as 
an acetyl-derivative of oxybenzamic acid (or as oxybenzamic acid 
in which an atom of hydrogen is replaced by acetyl), and hippuric 
acid as a benzoyl-derivative of glycocol (or as glycocol in which 
an atom of hydrogen is replaced by benzoy)). 

Before we can give formule which will indicate the further 
relations of these acids, it is therefore necessary to consider the 
formule of glycocol and oxybenzamic acid. These two bodies 
occupy corresponding positions in two analogous series of 


compounds, 
R 2 
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Acetic acid . C,H,O, Benzoic acid . C,H,O, 
Chloracetic acid C,H,ClO, Nitrobenzoic acid C,H,(NO,)O, 
Glycocol . . C,H;NO, Oxybenzamic acid C,H,NO, 
Glycollic acid C,H,O, Oxybenzoic acid C,H,O, 


There are two principal points of view from which the members 
of the two series may be regarded, and accordingly two principal 
systems of rational formule by which they may be represented. 
We may, on the one hand, adopt formule expressing only the 
genetic relations of the two sets of compounds to acetic and 
benzoic acids respectively ; or, on the other hand, formule which 
express in addition the general nature of the differences which the 
various terms of each series exhibit in their relation to other 
substances. In the first case, if we write acetic and benzoic acids 
as deriving from the type H,O, we get— 


Acetic Series. 


Acetic acid . ; ; f a O 


Chloracetic acid Bt O 


Glycocol. CHAe an: O 


Glycollic acid . CHA “ O 


Benzoic Series. 


Benzoic acid . ‘ : P Cat O 


SO 0 


Nitrobenzoic acid 


Oxybenzamic acid . CO} O 


Oxybenzoie acid Cr} O 


In the second case we get the following, or equivalent 
formule :— 
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Acetic Series. 


ed 


Say yey Sey ey S 
Z 


Acetic acid 


o>) 


Chloracetic acid 


© 


Glycocol . 


Soo Soe eee eee 
oO 


oOo © 


Glycollic acid . . «. C,H,O? 
H) 


Benzoic Series. 


Benzoicacid . . «. C,H,O 


o) 


NO 
Nitrobenzoic acid. . C,H,O 


2 


5 
kn 


oe) 


2 
axe 
H 


Oxybenzamic acid 


co) 


H 
Oxybenzoic acid . . C,H,O 


O 
Hf 0 


It will be seen that these two systems of formule differ in this : 
that, in the first set, the type remains unchanged throughout, but 
that the radicle is different in each compound; while, in the 


H 
H 
’ = 
H 
NO 
H 
H 
H 
H 
H 
H 
a 
H 
H 
H 
H 
H 


Oo © 
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second set, the type is variable but the radicle constant. It may 
perhaps be said that this difference is not essential, but merely a 
difference of form: the elements which, in the one case, are 
represented as replacing hydrogen in the radicles acetyl and 
benzoyl and are written in the same line with the remaining 
elements of these radicles, being, in the otber case, separated and 
written above the other elements. Admitting this to be the case, 
and supposing the two sets of formule to be used in the same 
sense, the question arises whether or no one set of formule is 
preferable to the other as a matter of form. 

On this point it may be observed, first, that the only consistent 
definition of a compound radicle is a group of elements contained 
in a greater or less number of substances and not altered by the 
reactions by which these substances are transformed one into another, 
and that it is therefore inconsistent to represent closely allied and 
mutually convertible substances as containing different radicles ; 
secondly, that the only consistent use of typical formule is to 
express the nature of the transformations which the bodies repre- 
sented by them are capable of undergoing, and, therefore, that it is 
inconsistent to refer to the same type, bodies of which the trans- 


formations are very different. For example, the formule— 


at O i a O ome} O 


Benzoic acid, Nitrobenzamic acid, Oxybenzamic acid, 


ought to imply that the salts of these three acids give similar 
products when acted upon by acid chlorides, such as chloride of 
acetyl or chloride of benzoyl: experiment, however, proves that 
the first two give anhydrides when so acted upon, while the third 
gives a well characterized acid. The same difference also exists 
between the salts of acetic acid and the salts of glycocol in respect 
to their behaviour with similar reagents. 

For these reasons, the relations of glycocol and oxybenzamic 
acid to their congeners are most correctly expressed by the 


formule— 
H 
H IN 


C,H,0 10 


and 


Glycocol. Oxybenzamic acid. 


which represent them as amidic acids corresponding respectively to 
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glycollic (oxyacetic) acid and oxybenzoic acid. Hence, for hippuric 
and acetoxybenzamic acids we get the formule— 


H H 
C,H,O by C,H,O by 
(C,H,0)” (C,H,O)” 
oh }o 71° }o 


Hippuric acid. Acetyl-oxybenzamic acid. 
(Benzoyl-oxyacetamic acid.) 


By way of justification of this discussion of what may seem very 
obvious formule, I may perhaps be allowed to give a collection 
(probably far from complete) of formule which have recently been 
proposed for glycocol, hippuric acid, and oxybenzamic acid. 


GLYCOcoL. HIPPuRIO ACID. OXYBENZAMIC ACID. 


C,H,0, C,H,0, 
H N 4 C,H,0 
H 


Gerhardt, Traité iv, 767, (1856). 
C,H,(H,N)0, C,,H;(H2N)0, 
7 Cahours, Ann. Ch. Phys., [3] liii, (1858). 
le x {SH°}° 


2 
Wislicen ug, Zeitschr. f. d. gesammt. Naturwissenschaften, xiv, (1859). 


* 
2 Y2 * 
C " ° H,.O 
a 0, N { uae *b0, 
H 
Weltzien, Zusammenstell. d. organ. Verbind. (1860). 
* * 


: C aN jo 
wa H 2} 0, 


ihe ~s 
CHAN Hy)» } 0, OrH o(CHy NH02)0; } rs) 


2 


Gorup-Besanez, Lehrb. d. organ. Chemie, ii, (1860) 


n0.(c,{ Bey) [0,0,10 ( {¥: ) co, Fraoa0 HO. (Cio f'n )(C.031,0 


HN 
Kolbe, Ann. Ch. Pharm., cxiii, (1860). 


Limpricht, Lehrb. d. organ. Chemie, (1860). 


* In the formule marked with an asterisk, H=1, C=6, O=8. 
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It is hardly necessary to add, in conclusion, that I make 
no claim to originality in reference to the formule proposed 
in this paper. Gerhardt, in the formula quoted above, 
represented hippuric acid as benzoyl-glycocol, and the formule 
which I have adopted for oxybenzamic acid and glycocol were 
first proposed by Kekulé (Ann. Ch. Pharm., civ. 148; evi. 
150). Moreover, the formule for glycocol and hippuric acid 
which are quoted from Limpricht are very nearly identical 
with those proposed in this paper. The only difference is, that 
in order to represent other reactions than those which are 
here taken into account, he has divided the radicle C,H,O into 
CO and CH,, and has consequently derived giycocol and hippuric 


acid from the type HOF , which might perhaps be more correctly 
2 
H, 
written H,N > ; for though in some compounds nitrogen is com- 


2 
bined with the equivalent of five atoms of hydrogen, these 


substances are always easily broken up into a group equivalent to 
H, and a group equivalent to H,N. 


Through the kindness of Professor Kekulé, of the University of 
Ghent, I have been able to perform the experiments described in 
this paper in his laboratory. 


Ghent, 19th June, 1860. 


XXI.—On Baudrimont’s Protosulphide of Carbon. 
By Lyon Prayratr, C.B., F.R.S. 


PROFESSOR OF CHEMISTRY IN THE UNIVERSITY OF EDINBURGH. 


Baudrimont has given various processes for the preparation 
of protosulphide of carbon, a body long expected by chemists and 
necessary to complete the analogy between sulphur and oxygen. 
Protosulphide of carbon bears the same analogy to carbonic oxide 
that bisulphide of carbon does to carbonic acid. The discovery 
of the body surprised no one, but it was a matter of astonishment 
that the numerous and simple processes for its preparation had 
remained so long unknown to chemists. 
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The description given by Baudrimont* for the preparation and 
properties of this interesting body is short, further details being 
promised in a future paper. Meanwhile, the new compound has 
received admission into systematic works on Chemistry. 

Being desirous of making some experiments with protosulphide 
of carbon, I have repeated without success the processes described 
by Baudrimont; I have been equally unsuccessful with others 
which appeared equally promising. It is therefore desirable to 
obtain further evidence of this existence of the compound; for the 
products of the processes described are in most cases only carbonic 
oxide with the vapours of bisulphide of carbon, and, in other cases, 
mixtures of carbonic oxide, hydrogen, carburetted hydrogen and 
the vapours of bisulphide of carbon. 

Baudrimont, in the memoir above referred to, gives nine 
processes for the preparation of protosulphide of carbon, but 
admits that only the first process yielded it in a state of tolerable 
purity. To this process it will therefore be sufficient to direct 
special attention. The vapours of bisulphide of carbon are to be 
passed over red hot pumice-stone or spongy platinum, which have 
the effect, according to Baudrimont, of doubling the compound, 
(so much sulphur being at the same time deposited as to choke 
the exit tubes), while the gaseous protosulphide of carbon passes 
on, and may be collected, after transmission through solutions of 
acetate of lead and dichloride of copper. 

In repeating this and subsequent experiments, it became obvious 
that the presence of organic matter and moisture was a frequent 
source of error, and it was necessary to operate so as to exclude 
these ; accordingly the following arrangement was adopted :— 

A long tube of difficultly fusible glass was filled with fragments 
of pumice-stone to the extent of three feet in length, and then the 
posterior end was drawn out into a U shape, and the anterior end 
into a delivery tube for gaseous products. The capacity of the 
whole tnbe was about 95 cubic centimeters. The body of the 
tube containing the pumice stone was placed in Hofmann’s gas 
furnace and heated, a stream of carbonic acid, dried by sulphuric 
acid, being passed over it until all moisture was expelled. When 
the desiccation of the tube and pumice-stone had been effected, 
8 grammes of dry bisulphide of carbon were sucked into the 
U portion of the tube, which was then sealed by a lamp and 
placed in a water-bath. 


* Comptes rendus, xliv, 1000. 
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The whole of the bisulphide of carbon was now slowly passed 
over the red hot pumice and the products were collected over 
mercury by the delivery portion of the tube. The heat employed 
was sufficient to alter the shape of the tube, although it was 
protected as is usual in combustion, by metallic gauze. 


During the experiment gas came over, and with it liquid bisul- 
phide which condensed in the eudiometer. After the 8 grammes 
of bisulphide had been slowly passed over the red hot pumice- 
stone, the products were as follows :— 


Gas at 730mm. press. 12°C. temp. . . 155 cub. cent. 
Liquid bisulphide of carbon... . 5 cub. cent. 


The gas corrected for temp. and pressure, and for the tension 
of CS, with which it was saturated (200mm. at 12°C. Brezelius) gave 


Corrected vol. of gas and 0°C. and 760mm. press. 103°5 cub. cent. 


Caustic potash was now passed up to absorb carbonic acid and 
sulphuretted hydrogen, and the gas now measured 59 cub. cent. at 
12°C. and 610mm. pressure, still saturated with bisulphide of 
carbon. Corrected for this and brought to the normal temperature 
and pressure there was only 30°49 cub. cent. of gas left. 

Hence of the 8 grammes of bisulphide, at least 6°4 grammes 
were found condensed in the eudiometer; the remaining 1°6 
gramme was chiefly in the long delivery tube, which had a column 
of condensed bisulphide in it, but this was not measured. If we 
neglect this and assume that 1°3 gramme was decomposed into pro- 
tosulphide of carbon (0°3 gramme in vapour being allowed for the 
capacity of the tube), 383 cub. cent. of this gas should have been 
produced. But after correcting for the pressure, temperature, 
and for the tension of CS,, only 30°49 cub. cent. were obtained. 
This small quantity of residual gas consisted of carbonic oxide 
and nitrogen, resulting from the traces of air and moisture still 
left in the pumice-stone, or introduced when the bisulphide of 
carbon was drawn into the apparatus. But if we assumed the 
whole residual gas to be protosulphide of carbon, it would have 
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weighed only 0:060 gramme, and would have been produced from 
0:09 gramme of the bisulphide. Hence in any case not more than 
1:4 per cent. of the bisulphide employed could have been decom- 
posed in its passage through the red-hot pumice. But this gas 
was chiefly carbonic oxide produced by the action of moisture— 
(CS, + HO=CO+8S-+HS,) and required only 0:027 HO to produce 
it, a quantity which can easily have escaped the drying process. 

A careful examination of the tube and pumice-stone showed 
that no sulphur whatever was deposited, except one or two specks 
which could not have been weighed, the whole operation having 
been one of simple distillation without decomposition. When the 
pumice-stone is not completely dry, then sulphuretted hydrogen 
and carbonic oxide appear, while sulphur is deposited. 

Having failed in obtaining protosulphide of carbon by the 
only process which Baudrimont describes as giving it pure, it 
was scarcely necessary to repeat the other methods; but those 
described as yielding the best results were examined. The chief 
of these is to pass the vapours of bisulphide of carbon over red-hot 
charcoal, animal charcoal being recommended. 

On repeating these experiments, large quantities of gas were 
obtained at first; but the gas ceased abruptly, although the tube 
still contained abundance of animal charcoal, and now bisulphide 
of carbon distilled over unchanged. The gas collected in the 
first part of the experiment was washed with solution of acetate 
of lead and dichloride of copper, but continually decreased in 
bulk, until only a small quantity remained. This was analysed 
with the following results :—20°295 cub. cent. gave 


Carbonic oxide ; ‘ , . 11°79 
Bisulphide of carbon : ‘ ° 4°66 
Nitrogen ° ° , ‘ ° 3°83 


20°28 


The analysis was however only approximate, as some sulphuric 
acid was formed in the combustion of the gas. 

A like experiment made with wood-charcoal gave precisely 
similar results. 

Both these experiments proved that the gas at first obtained was 
due to the organic matter and moisture acting on the bisulphide 
of carbon and that the latter distilled_over unchanged, as soon as 
. the former were removed. 
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It is unnecessary to describe the other experiments made in 
the hope of procuring protosulphide of carbon, as they all gave 
negative results. 

Baudrimont gives as evidence of the compositon of the gas 
obtained by him (1) that lime-water decomposed it into sulphide 
of calcium and its own volume of carbonic oxide. It is clear that 
this experiment was not a quantitative one, as no allowance is 
made for the solubility of the protosulphide of carbon, which is 
stated to dissolve in its own bulk of water. Hence the result may 
have been due to a mere mixture of carbonic oxide containing the 
vapour of bisulphide of carbon and a little sulphuretted hydrogen. 
(2) Baudrimont states that eudiometric analysis gave equal 
volumes of CO, and SO,; but this result would be equally attained 
by the combustion of a gas containing equal volumes of CS, 
and CO; and, at the ordinary temperature, with the diminished 
pressure in the eudiometer, the tension of CS, is more than suffi- 
cient to double the volume of gas in the tube. It may further be 
remarked that Baudrimont does not give any process for removing 
bisulphide of carbon from the gases obtained by him. 

In conclusion, it must be admitted that there is no sufficient 
evidence of the existence of protosulphide of carbon, all the 
processes described for its preparation having failed to yield it. 
Buff and Hofmann * seem to have been equally unsuccessful in 
their endeavours to obtain it from bisulphide of carbon by 
electric incandescence. 


XXII.—Notice of a New Ammonio-Chrome Compound. 
By J. Morxanp, F.C.S. 


Wuen sulphocyanide of ammonium is fused, and powdered 
bichromate of potash added to it, this salt dissolves quietly at 
first, giving a purple coloration. After a short time, however, a 
very brisk reaction ensues, ammonia and aqueous vapour are 
given off abundantly, and the residue is of a beautiful crimson 
colour. This residue consists of sulphocyanide of ammonium, 
sulphocyanide of potassium, bichromate of potash, sulphate of 
potash and the sulphocyanide of a new ammonio-chrome com- 


* Journal of Chemical Society, xii, 283. 
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pound; this last salt is easily purified from the others by washing 
with cold water, in which it is but sparingly soluble, and after- 
wards by crystallization from alcohol, which dissolves it freely, 
or from ether, in which it is moderately soluble. This new salt 
has the composition, Cr, Csy, 2NH,O. Analysis gave the fol- 
lowing figures :— 
Theory. Found. 
Cr 1871 18°71 when the salt was dried at 120° C 
S 3453 34°37 
N 25°18 24°96 
C 12°95 13°27 
H 2°88 3°39 
O 5‘76 


This is a perfectly neutral salt, crystallizing in the cubical 
system. I obtained crystals by the spontaneous evaporation of an 
ethereal solution, the form of which was the rhombic dodecahe- 
dron modified by the planes of the octahedron: it has a strongly 
bitter taste, especially at the back of the mouth. Heated in a 
closed tube, it gives off ammoniacal vapours, sulphuretted 
hydrogen, and some compound of cyanogen with a garlicky 


odour ; the residue is sulphide of chromium, which, when heated 
in the air, ignites, gives off sulphurous acid, and leaves sesquioxide 
of chromium. 

Neither acids nor alkalies decompose this salt in the cold, but 
alkalies on boiling throw down oxide of chrome ; and acids, when 
concentrated, decompose it by uniting with the ammonia. Heated 
on the water-bath with sulphuric acid, it yields sulphate of 
ammonia and blue sulphate of chrome; oxalic acid gave violet 
oxalate of chrome and oxalate of ammonia. 

Persalts of iron are not coloured by this salt, but nitrate of 
silver immediately gives a precipitate of uncertain composition, 
as much of this chrome salt is carried down. 

Other chromates as well as bichromate of potash also form 
this same salt with fused sulphocyanide of ammonium ; chromate 
of potash, and chromate of lead succeed pretty well, but there 
are also other substances formed. I found the best proportion to 
be 5 of sulphocyanide to 2 of bichromate, corresponding to | eq. 
bichromate to 5 of sulphocyanide. 

Frémy’s roseo-chrome salts have the composition 


(Cr,0,.4NH,).3A, 
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which differs chiefly in the double quantity of ammonia. The 
cobalt-bases have, according to Frémy, the following compo- 
sitions :— 
Co,0, 4 NH, 


3) 3) 


39 6 2» 


I have attempted to form other compounds by the reduction 
of chromates in the presence of ammonia-salts, but at present 
without success. 


XXIII.—On Circular Polarization. 


A Discourse delivered to the Members of the Chemical Society of 
London. 


By Dr. J. H. Guapstone, F.R.S. 


Wuen, at the request of the Council, I undertook to bring the 
subject of circular polarization before the Chemical Society, I did 
not realize the quantity of the observations which have been 
recently accumulated by the industry of foreign savans. In 
preparing this discourse, I have been well-nigh overwhelmed with 
materials, and I have therefore considered it best to omit all 
description of the more purely physical questions, and to confine 
myself as closely as possible to those branches of the subject 
which have a direct bearing on chemical science. 

Circular polarization was first observed in quartz by Arago, 
in 1811; it was investigated by Biot,* and the subject speedily 
attracted the attention of some of the leading physicists of this 
country. Brewster, Herschel, and Airy made important 
discoveries in respect to it; but since that early period, very little 
has been done by the scientific men of Great Britain, while in 
France and other parts of the continent, investigations have rapidly 
extended, and circular polarization has_been taken advantage of 
for the solution of many chemical problems. It is true, that soon 
after the formation of our Society, Leeson read an elaborate 


* Mem. Inst. 1812, and subsequently. 
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communication on the subject ;* some of Pasteur’s papers have 
been translated in our Quarterly Journal,+ and the matter has of 
course been referred to in lectures and treaties on Natural Philo- 
sophy ;} yet there can be no doubt that British Chemists have 
generally made themselves but little acquainted with the sub- 
ject. 

The leading phenomena of circular polarization are simply these. 
If a slice be cut from a crystal, endowed with this property, in a 
direction perpendicular to its axis, and it be examined by polarized 
light, it does not exhibit the coloured rings and black cross; and 
if the emergent polarized ray be analysed by a doubly-refracting 
prism, the two images have complementary colours, which change 
as the prism is made to revolve. If such a slice of crystal, or a 
liquid possessing the same power, be placed between the polarizer 
and analyser of a polariscope, the maximum and minimum of light 
are in fact not attained when the plane of reflection is inclined to 
that of polarization at 0° and 90°, but at some other angles 
90° apart. The amount of this deflection will differ with the 
colour—that is, with the refrangibility of the ray ; thus a violet ray 
will be deflected to perhaps twice the distance of a red ray; and 
hence when white light is employed, a series of colours are ob- 
served following one another in regular succession, as the analyser is 
made to revolve. If, in order to make these follow in their natural 
order—red, orange, yellow, green, blue, violet—it is necessary to 
turn the analyser to the right—that is to say, in the direction of 
the hands of a watch—the substance is said to exhibit right-handed 
or positive circular polarization, which is usually indicated by the 


sign K- or +: if, on the contrary, the analyser must be turned 


to the left to produce the same result, the polarization is left- 
handed, or negative, and the sign ) or — is employed. 
On revolving the analyser beyond the violet rays, the same 
order of colours, beginning with red, reappears, and there is a 
transition tint, called by the French teint de passage or teint 
sensible, which from its sensitiveness is very valuable for obser- 
vations. 


* Mem. and Proc. Chem. Soc., ii, 26. 

+ Chem. Soc. Qu. J., iii, 79; v, 62; vi, 273, 277. 

t For instance, in Golding Bird’s Elements of Natural Philosophy; in 
Pereira’s Lectures, Pharm. J., ii and iii; in Graham’s Elements of Chemistry, 
2nd Edit., Vol. ii, p. 464 ; and in a lecture by Maskelyne, Phil. Mag. (4), i, 428. 
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For the explanation of these phenomena on the undulating 
theory, I can only refer to Fresnel’s Memoirs.* 


Substances which exhibit Circular Polarization.—The following 
table contains a list of the substances in which the phenomena of 
circular polarization have been observed. It is doubtless incom- 
plete; and it must be borne in mind also that the effects are 
produced by very many compounds of some of these bodies, which 
are not included in the table. Against the name of the substance is 
placed the sign + or —, to indicate the direction of the rotation, 
and in another column the name of the observer who first 
remarked the property in the substance in question, or who has 
worked upon it to the greatest effect. Where a second observer 
has discovered the existence of a power of rotation in a direction 
opposite to that first discovered, which is by no means an un- 
common circumstance, or has otherwise largely extended our 
knowledge of the subject, his name has generally been added. 
The last column indicates whether the substance has been ob- 
served to form hemihedral crystals, either itself or in its com- 
pounds. 


Hemi- 


Substance. Direction. Authority. hedral? 


or — | Arago, Biot, Brewster, Herschel | Hem. 
or — | Marbach Hem. 
oS ” 


Quartz crystal .. ~ 

Chlorate of soda (solid). . 

Bromate of soda (solid). . 

Acetate of uranium and 
soda (solid) 

Cinnabar. . ; or — | Descloizeaux 

Oil of turpentine “i or — | Biot, Seebeck, Leeson 

Oiloflemon .. Fae ~ a 

Oil of bergamotte o- + ag 

Oil of anise 

Oil of carraway .. 

Oil of spearmint 

Oil of rue ‘a 

Oil of nutmeg .. = 

Oil of lavender .. ‘ 

Oil of cubebs 

Oil of valerian 

Oil of amber 

Castor oil 

Croton oil , 

Balsam of copaiba 

Camphor.. 


” 


e+ + $4 
f=) 
Le} 
| 


” 
Leeson 


Wilhelmy 


Sit+t+lli¢rvriterti 


a 


— Biot, Chantard 


* Ann. Ch. Phys. (2), xxviii, 147. This is abstracted in Daguin’s Traité Elé- 
mentaire de Physique, which contains many of the most recent observations on the 
subject. 
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Substances. 


Direction. 


Authority. 


Hemi- 
hedral? 


Camphoric acid .. 
Camphoethylic acid 


Camphomethylic acid . 


Naphtha .. 
Cane-sugar 
Milk-sugar 
Grape-sugar 
Starch-sugar 
Diabetes-sugar 
Glucosate of sea-salt 
Tartaric acid 
Malic acid 
Tartramide 
Asparagine 
Tartramic acid .. 
Aspartic acid 
Sulphamylic acid 
Amylic alcohol .. 
Formobenzoic acid 
Quinic acid 
Quinine .. 
Quinidine 
Quinicine 
Cinchonine 
Cinchonidine 
Cinchonicine 
Quinoidine 
Morphine 

Brucine . 
Strychnine 
Narcotine 
Nicotine .. 
Santonine 
Heematoxylin 
Jalapin 

Phioridzin 

Salicin 

Populin . 

Codeine . 
Narceine.. 
Picrotoxine 
Albumin 


i+ LP thbr ber yp eesti 


Bouchardat, Chantard 
Malaguti 

Loir 

Biot 

» Clerget 

»  Poggiale 

»  Béchamp 

» Clerget, Listing 

Pasteur 

Biot, Pasteur, Arndtzen 
Pasteur 


Bouchardat, Pasteur 


” 


Pasteur 
Bouchardat 
Pasteur 


Wilhelmy 
Bouchardat, Pasteur 


3 


fe Descloizcaux 


Wilhelmy 


Bouchardat, Biot and Pasteur 
Biot and Pasteur 
Bouchardat and Boudet 

” ” 


3” 


A. Becquerel 


Hem. 
Hem. 
Hem. 


Hem. 
Hem. 


Hem. 
Hem. 
Hem. 
Hem. 
Hem. 
Hem. 


Not 


Hem. 


Hem. 


I have not attempted to express in this table the amount of 
rotatory force possessed by the different substances, not from any 


lack of numerical data, but for the following reasons :— 

Ist. It has been frequently determined differently by different 
observers. This arises to some extent from actual optical dif- 
ferences in the samples employed: thus oil of turpentine is known 
to possess different powers of rotation, even when the direction 
remains the same, according to the kind of pine from which it 


VOL. XIII. 


Ss 
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came, and the processes adopted in preparing and purifying it. 
Again, the amount of solvent employed is a fruitful cause of 
diversity. 
2nd. Unfortunately, in determining the rotatory force, no uni- 
form standard has been adopted. Thus, Biot reduces his observa- 
tions to a unit of thickness—namely, one millimeter, and he 
calculates from the are of rotation of the rays that have passed 
through red glass. He employs the following formula for deter- 
mining the specific rotatory power (p), in which a stands for the 
arc of rotation, d the density, and / the thickness or length in 
millimeters. 
a 
_* = 
And if the substance be dissolved in some optically neutral solvent, 
the proportion of the said substance in one part of the solution (p) 
has to be taken into account, and the formula stands— 
yogi 
e = dip 
Wilhelmy,* on the contrary, laying stress on the molecular 
nature of the force, considers it preferable to take the different 
substances in quantities proportional to their atomic weights in 
equal weights of the solvent; and where he cannot do this, he 
makes a reduction on the hypothesis that the relative quantity of 
the solvent has no influence. He makes his calculations also for 
white light, and assumes the molecular rotating power of cane 
sugar as 100. 
A table given in one of Wilhelmy’s paperst is so good an 
illustration of the elaborate investigations that have been made 
into this subject, that I have reproduced it here. 


Molecular 
Quantity Atomic rotating 
Substance. Solvent. White weight. power. 
dissolved Licht oy O = 100. | (White 
a . light.) 


Degree of rotation. 
S\——, 


milligr. 
Cane-sugar .. ” ..| 4309 | Water | +32°5 +100 
Nicotine .. ee --| 1301 | Alcohol |—16 
with hydrochloric acid} _,, +1(?) 
Santonin .. LA --| 500 —9 — 332°3 
Hematoxylin “ --| 1849 ee 
Jalapin.. a -.| 2000 a -—7 


* Pogg. Ann., Ixxxi, 413, 499. + Ibid, Ixxxi, 527. 
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Substance. 


Quantity! 


dissolved 


Degree of rotation. 


White 
Light. 


Atomic 
weight. 
O = 100, 


Molecular 
rotating 
power. 
(White 
light.) 


Camphor 
Phloridzin . 
Quinine 
—— with nitric acid 
with phosphoric acid 
Sulphate of quinine 


Valerate of quinine : 
Hydrochlorate of quinine . . 
Cinchonine .. inl x 
—— with oxalic acid 

—— with phosphoric acid 


milligr. 
6000 
2377 
1782 
891 


Alcohol 


Water & 


sulp. acid 
Alcohol 


+31 
-11 
—24 
—12°5 
—17 
—15 
—24°5 
—16 
—10 
+12 
+12°5 
+ 23°5 


963°8 
2082°5 


} 20555 


1942 


+380°7 
— 59°2 


—174 


— 241°4 
—213 


+20 
+10 


—— with nitric acid 
gp ” ” 
Quinoidine .. A 
—— with nitric acid 
—— with phosphoric acid. . 
—— with hydrochloric acid 
—— with sulphuric acid .. 
Brucine.. “a ag 
—— with phosphoric acid 
Narcotine with wean Water 

acid a a 
Acetate of morphine Ht Bs 
Hydrochlorate of codeine .. 
Ethereal oil of cubebs 

- ,, valerian 


Aleohol 
Ether 


Balsam of copaiva .. withalch. 


Influence of state of Aggregation.—The only substance which 
has been examined in the three different states of aggregation— 
the solid, liquid, and gaseous, is oil of turpentine, and it has been 
found to exhibit the power in each of these states. It rotates the 
plane of polarization to the same extent when frozen as when in 
its ordinary liquid condition ; but Biot, who made the experiment 
on the vapour of turpentine, was unable to determine whether the 
power was then altered in amount. It was necessary, as will be 
readily understood, to look through a large amount of the vapour 
in order to observe any effect on polarized light; in fact, an iron 
tube 15 metres, that is 50 feet, long was employed for the 
experiment, and unfortunately before the quantitative determina-: 
tion was completed, a burst of flame occurred, and gave rise to 

s 2 
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a conflagration which the philosopher could not extinguish without 
the assistance of the public. 

Yet, while oil of turpentine is so retentive of this power, its very 
existence in some other substances appears to depend on the 
manner in which they are-crystallized. Thus silica does not show 
any effect on polarized light as it exists in the opal, or indeed in 
any other form than that of quartz-crystal. 


Influence of temperature-—Just as the refrangibility of a sub- 
stance changes with alterations of the temperature, and that not 
pari passu with the change of density, so also the amount of 
rotatory power varies under like circumstances. There are how- 
ever great differences between one substance and another. in this 
respect. 

Quartz shows an increased power of rotating the plane of 
polarization when it is heated, and that to the extent of 108° 
or 109°5° for an elevation of 70° C. of temperature. This 
crystal is known to expand by heat differently in the direction 
transverse to what it does in that parallel to its axis. 

Tartaric acid is similarly affected, and that to such an extent 
that Biot found himself able, by reducing the temperature, 
actually to reverse the direction of the rotation in solid amorphous 
tartaric acid, the right-handed deviation diminishing, becoming 
nil, and the left-handed commencing before the thermometer sank 
to 3°C. 

Grape-sugar in solution is much effected by changes of tem- 
perature; and in saccharimetry by means of polarized light, 
account must be taken of this circumstance. Clerget,* who 
has studied this subject, finds that the power of rotation 
decreases—not increases—as the temperature rises, and that 
according to the quantity of sugar, quite irrespective of the pro- 
portion of water; indeed, it is the same whether 100 parts of 
water dissolve 1 or 120 parts of sugar. He found the decrease 
between 10° C. and 35° C. to be in the proportion of very nearly 
100 to 91. Wilhelmy has determined it for a much longer 
range of temperature, and deduced the formula 


D’=D {i -— 0012. ¢ —- #] 
in which D and D’ represents two amounts of rotation corre- 
sponding with the temperatures ¢ and 7’. 
* Ann. Ch, Phys., [3] xxvi, 175. 


GLADSTONE, ON CIRCULAR POLARIZATION. 261 


Salts of quinine, and many other substances, are also known to 
vary in their power of rotating a ray of polarized light according 
to the temperature. 

Yet, on the other hand, it is stated that the essential oil of 
turpentine has exactly the same power at 55° C. as at 10° C., and 
even when frozen. 


Influence of Magnetism or Electricity.—I cannot help alluding 
to the beautiful discovery of Faraday, that a polarized ray passing 
through optically inactive bodies may be caused to rotate by the 
magnetic or electric force, and that the rotation in active bodies, 
such as oil of turpentine, may be altered, or even reversed, at 
will. This part of the subject, however, I must not pursue further, 
as it belongs purely to the domain of physics. 


Influence of Solution.—Substances which exhibit circular polari- 
zation are affected by solution in three different manners. 

lst. There are substances, as chlorate of soda, bromate of soda, 
and the double acetate of uranic oxide and soda, the crystals of 
which exhibit evidences of circular polarization, but are perfectly 


inactive when dissolved in water.* These bodies, like quartz, appear 
to owe this property to the manner in which their molecules are 
arranged in the crystals. 

2nd. There are other substances, all of them organic, which 
exhibit the same polarizing power, whether they are in the solid 
state or dissolved in some optically neutral solvent, such as water 
or alcohol. This cannot generally be determined, as in most 
crystals of such bodies the phenomena of circular polarization are 
masked by the double refraction ; but “ barley-sugar” has been 
found to have the same or nearly the same power of rotation as 
the sugar when dissolved in water; and it has been recently 
shown that, whatever the amount of water in which it is dissolved, 
the rotatory power of sugar is rigorously constant.t Oil of 
turpentine belongs to this class. In such cases, the substances 
seem to owe their power of rotating the plane of polarization to 
the very structure of their molecules. 

3rd. There are other substances in which the result partakes to 


* Marbach, Ann. Ch. Phys, [8] xliii, 252, xliv, 41. Biot confirms and draw 
philosophical deductions from these experiments. 
t Arndtzen, Ann. Ch. Phys., [31] iv, 403. 
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a certain extent of both these characters, where, indeed, it would 
seem that the individual action of the molecules is accompanied in 
the solid state by another action arising from their regular 
arrangement. Thus sulphate of strychnine* evaporated at a 
temperature of between 10° C. and 20° C. gives a salt which 
contains 13 atoms of water. It crystallizes in the system of the 
rectangular prism with a square base, and is of such a form as to 
allow the recognition of the circularly polarizing power. It 
rotates the ray, in fact, to about half the extent that left-handed 
quartz does ; but the solution of sulphate of strychnine in water, 
though it also rotates the plane, does so only to z',th or 3th part 
of the extent to which these crystals do. 

Tartaric acid when obtained in a transparent, solid, amorphous 
state by mixing it with boracic acid, was found to exhibit circular 
polarization ; but different proportions of water cause very re- 
markable, and as yet unexplained, differences in the optical 
character of a solution of tartaric acid. The plane of polarization 
of the green rays is in fact caused to deviate more than that of 
any other colour, and Arndtzen, who has worked out the whole 
of this matter with much care and ability, found when operating 
with ordinary (that is right-handed) tartaric acid dissolved in 
alcohol instead of water, that he could obtain a left-handed 
rotation for the blue rays. The same observer found, in reference 
to camphor dissolved in alcohol, that the rotatory power augments 
with the refrangibility of the rays more rapidly than in the case of 
most active bodies, and that the rotatory power decreases regularly 
with the concentration of the solution.t 

Influence of Chemical Combination or Substitution—In most 
cases this property appears to be so intimately connected with the 
structure of the molecule itself, that it is unaffected, or little 
affected, by chemical changes of an important character. 

Thus an optically active acid, such as tartaric acid, will carry 
its rotatory power into its salts; and similarly an optically active 
base, such as quinine, will exhibit the phenomena of circular 
polarization when combined with inactive acids. From observa- 
tions on neutral and bitartrate of potash and ammonia, which are 
isomorphous, Pasteur{ has drawn the conclusion that when 


* Descloizeaux, Ann. Ch. Phys., [3] li, 361. 

+ Ann. Ch. Phys., [8] liv, 403. Biot had experimented on these matters pre- 
viously ; see Ann. Ch. Phys., [8] xxxvi, 257, 405. 

t Inst., 1850, 339. 


GLADSTONE, ON CIRCULAR POLARIZATION. 263 


quantities of isomorphous substances corresponding to the equi- 
valents are dissolved in equal quantities of water, these solutions 
rotate the plane of polarization to an equal degree. But it must 
not be supposed that as a general rule the optically inactive base 
or acid exerts no modifying influence on the phenomena exhi- 
bited by the active element with which it is combined. A 
glance at the above quoted table of Wilhelmy will show that 
it is otherwise. Bouchardat* has given numbers which indicate 
that the combination of camphoric acid with soda or with 
ammonia reduces its rotatory power; some malates have a 
positive, others a negative rotation; and, as a further example, 
asparagine if dissolved in pure water or in alkalis turns the 
plane of polarization to the left, but if in mineral acids, it turns it 
to the right.+ 

Oxidation even does not necessarily destroy this power, for 
camphor retains it when it has been oxidized into the camphoric 
acid just alluded to; nor does the substitution of a compound 
radicle for hydrogen, as is shown by the optical properties of 
camphovinict and camphomethylic acids. The conversion of 
an acid into an amide, and that again into the corresponding 
amidogen-acid, is not even fatal to the retention of this optical 
power, as is evidenced by the activity not only of tartaric acid, but 
also of tartramide and tartramic acid; and, in a parallel manner 
not only of malic acid, but also of malamide and malamic acid— 
that is, asparagine and aspartic acid. || 

It must, however, be supposed in reference to every circularly 
polarizing substance, that there is some amount of chemical change 
which the molecule cannot suffer without losing this property. 
In the case of the two acids just mentioned, tartaric and malic, 
we find this point passed, when by the action of heat they are 
converted into other acids, with evolution of part of their con- 
stituent elements: for pyrotartaric, fumaric, and maleic acids 
have no effect on the polarized beam.§§ And here must be men- 
tioned one of Pasteur’s remarkable observations. From fumarate 
of ammonia, which is inactive, aspartic acid may be produced ; but 
this, unlike ordinary aspartic acid, is itself inactive ; and again from 
this may be reproduced malic acid, which also in its turn, unlike 


* Comp. rend., xxviii, 319. + Pasteur, Ann. Ch, Phys. [3] xxxi, 67. 
t Malaguti. § Loir, Ann. Ch. Phys., [8] xxxviii, 483. 
|| Pasteur, Ann. Ch. Phys. [3] xxxviii, 437. 9] Ibid, xxxi, 67. 
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that derived directly from the plant, has no influence on the 
polarized beam.* 

As yet we have no evidence that an optically active substance 
has ever been artificially prepared from one that is optically 
inactive, though such is constantly occurring in nature. The 
tartaric acid which Liebig has very recently prepared has been 
found to rotate the plane of polarization like natural tartaric acid,+ 
but then it must be borne in mind that it was prepared from 
milk-sugar, which is itself endowed with this property. It will 
be interesting to determine whether the tartaric acid which 
Perkin and Duppa have just succeeded in preparing from succinic 
acid exhibits this power, for succinic acid as yet is not classed 
among those bodies which display it. Yet from its analogy to 
tartaric and malic acids, it would appear highly probable that 
succinic acid should rotate the polarized beam. A specimen said 
to have been prepared from stearic acid was found by me to be 
perfectly inactive; but it is quite possible that the succinic acid 
prepared from malic acid, or that which Dessaignes{ announces 
he has prepared from tartaric acid, may prove capable of rotating 
a ray of light. 

The mutual relationship of the substances here referred to will 
be readily understood by a reference to the following table : 


C=6;0=8 C=12; O=16 


Tartaric acid . . 2HO.C,H,0,, C,H,O, 
Malic acid. . 2HO.C,H,O, C,H,O, 
Succinic acid . . 2HO.C,H,0, C,H,O, 
Tartramide . . C,H,N,O, C,H,N,O, 
Asparagine. . C,H,N,O, C,H,N,O, 
Tariramic acid . HO.C,H;,NO, C,H,NO, 
Aspartic acid . - HOC,H,NO, C,H,NO, 
Pyrotartaric acid . HO.C,H,O, C,H,0, 
Fumaric acid . . 2HO.C,H,O, C,H,0, 
Maleic acid. . 2HO.C,H,0, C,H,0, 


Relation between Crystalline Form and the power of Circular 
Polarization—As far back as 1820 Herschel found that the 
crystals of right-handed and of left-handed quartz differ in form, 
and from the inclination of certain facets he was able to foretel 


* Ann. Ch. Phys., [8] xxxiv, 30. + Bokn, Ann. Ch. Pharm., Jan, 1860. 
~ Compt. rend., April 16, 1860. 
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what would be the direction of the rotation in any particular 
specimen ;* but it was reserved for Pasteur to show that this 
relation between the crystalline form and the rotatory power is 
one that generally obtains. . 

It is well known that the law of symmetry does not hold good 
in all crystals. These exceptional forms have been termed hemi- 
hedral. It will sometimes happen also that a substance will 
crystallize in two forms which are both unsymmetrical, but unsym- 
metrical in opposite directions—that is to say, the one form will 
appear identical with the other only when it is seen reflected in a 
mirror. They differ, in fact, in the same way as one side of our 
face differs from the other, or as our two hands differ. These 
are variously called not superposable, incongruous, or opposite 
hemihedra. 

From an observation of the opposite hemihedral character of 
crystals of the double racemate of soda and ammonia, Pasteur 
commenced that series of observations which led him to the 
discovery that racemic acid is composed of two tartaric acids, 
with opposite but equal powers of polarization, conjoined together 
as one substance; to the isolation of left-handed tartaric acid; 
to the artificial preparation of racemic acid; and of a neutral and 
unresolvable tartaric acidt—discoveries which, however interesting, 
I refraim from dwelling on, as the papers in which they are 
explained have been printed in our Quarterly Journal, and are 
well known to chemists in this country. 

The same philosopher has shown by a great number of in- 
stances that when a substance crystallizes in opposite hemihedra, 
it indicates the existence of two opposite powers of rotation, and 
that active and inactive bodies will not crystallize together, 
however isomeric.t Yet it cannot be laid down as a universal 
law that this property of matter in a crystalline state is always 
accompanied with the power of circular polarization, for formate 
of strontia gives opposite hemihedra, but neither kind of crystal 
when separated from the other and dissolved, has any influence 
on polarized light. Sulphate of magnesia is an analogous 
instance. Nor, on the other hand, can it be affirmed that this 


* See his remarks on this subject in his article on Light in the Encyc. Metrop., 
par. 1042, in which he almost prophecies more recent discoveries. 

+ Ann. Ch. Phys., [3] xxiv, 442; xxviii, 56, and Compt. rend., xxxvii, 162. 

}¢ Ann. Ch. Phys, [3] xxxviii, 437. 

§ Lbid, xxxi, 67. 
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optical property is necessarily connected with the power of forming 
such crystals; for two sulphamylic acids have been discovered 
which are isomeric, and absolutely identical in the crystalline 
form of their salts, without showing any disposition to form 
hemihedra, and yet the one is active and the other inactive.* 

The inactive aspartic acid derived from fumarate of ammonia 
does not crystallize in hemihedra, as the ordinary aspartic acid 
does; and similarly there are some differences in the crystalline 
forms of the salts of the natural or active, and of the artificial or 
inactive malic acid. 

Marbachy? has observed that though chlorate of soda crystal- 
lizes in opposite hemihedra, and in that condition exercises an 
influence on the polarized beam, yet a solution of either right- 
handed or left-handed crystals alone is perfectly inactive, and the 
salt crystallizes out from such a solution in doth forms instead of 
that only from which it was made. 


CircuLaR POLARIZATION AS APPLIED TO CHEMICAL INQUIRIES. 


The phenomena of circular polarization have been applied to 


many practical purposes in chemical research. These may be 
conveniently grouped under three heads—the quantitative estima- 
tion of certain organic products; the determination of what is 
going forward in a solution; and the examination of isomeric 
substances. 


Ist. Quantitative estimation of certain organic products. 

Cane Sugar.—As cane sugar dissolved in water rotates the ray 
of polarized light to an extent directly proportional to the amount 
of sugar in a given depth of liquid, and irrespective of the amount 
of water, or of the simultaneous presence of optically inactive 
substances, this property is frequently made use of to effect 
a quantitative determination. Clerget{ has worked out this 
process very fully, and others§ have since somewhat extended 
or modified his observations. Instruments have been devised for 


* Compt. rend., xlii, 1259. 

+ Ann. Ch. Phys., [8] xliv, 41. 

t Ibid. xxvi, 175. 

§ Especially Wilhelmy and Arndtzen, in papers previously referred to; Pohl, 
Wien. Acad. Bericht, xxi, 492; and Michielis, Journ. Pharm. Chem., lIxxv, 
464. 
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the purpose by Biot, Soleil,* Savart, Powell,+ Leeson,{ 
Mitscherlich, but the simplest, and perhaps the most effective, 
is a modification of Biot’s apparatus which Mr. Heisch employs, 
and has kindly lent me on this occasion. It consists essentially 
of three parts—a polarizer, an analyser, and a tube for holding the 
solution. The polarizer is a Nicoll’s prism and plano-convex lens 
to render the rays parallel; the analyser consists of a small aper- 
ture in a brass plate, a lens, and an achromatic prism of doubly 
refracting spar, and it is attached to the vernier of a graduated circle. 
The tube through which the polarized beam passes between the 
polarizer and the analyser is a narrow tube of black glass ground 
in the inside with coarse emery, and fitted at each end with covers 
of perfectly parallel glass. Several such tubes of various known 
lengths, so as to hold different quantities of liquid are provided, 
and the position of the polarizer and analyser can be easily 
adapted to each. If when the index of the scale is at 0°, and the 
extraordinary image is at its greatest obscuration, a solution of 
sugar be placed in the tube, it is easy to determine how much 
the analyser must be now turned round in order to bring the 
extraordinary image again to its greatest obscuration, or rather 
to the “sensitive tint.” It is impossible here to enter into the 
minutiz of the apparatus, or of the treatment of the solution; 
suffice it to say that Heisch prefers operating by lamp light, 
and has found that it requires 6°09 per cent. of cane-sugar to 
produce a rotation of 1° in a depth of 1 inch: hence the per- 
centage in the solution examined may be reckoned according to 
the simple formula 


a representing the arc of rotation, and / the length in inches. 

An ingenious method of confirming the amount of cane-sugar 
in a solution, or of determining it in the presence of other 
optically active bodies, is founded on the property possessed 
by this sugar of being converted by acids into a sugar which 
exhibits the opposite or left-handed rotation. The following 


* The English reader will find a description of this instrument by Dr. Bence 
Jones in the Pharm, Journ. and Trans., xi, 455. 

+ Phil. Mag., April, 1843. 

t Mem. Chem. Soc., ii, 26. 
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formula serves for this inverted sugar, according to Heisch, 
at 15° C. 


p= 16:026 


As glucose rotates the plane of polarization to the right, and is 
not capable of inversion by acids, this process will even serve to 
determine the respective amounts of cane-sugar and glucose 
if mixed together in solution. Or the same may be effected by 
determining the rotation of the mixed solution, boiling it with 
potash, which destroys the glucose, and then again determining 
the rotation which is now due solely to cane-sugar. 

Other sugars —Bence Jones* has published analyses of the 
different wines of commerce, in which he determined the grape- 
sugar by means of Soleil’s saccharimeter. 

Poggialet+ has employed a similar method for the estimation 
of the amount of sugar in milk. 

Listingt has published optical determinations of the sugar in 
diabetic urine. The formula of Heisch for this sugar is 


p= 8:346 — 


If albumin be present, it must be removed, as it possesses itself 
an influence on polarized light. 

Albumin.—This substance may likewise be estimated by means 
of its rotating power, and A. Becquerel§ has in fact measured 
in this way the proportion of albumin contained in the serum of 
blood. 


2nd. Determination of what is going forward in a solution. 
The variations in the plane of polarization will often indicate 
changes in a solution which could not be watched by any other 
method, or even the existence of which might never otherwise 
have been recognized. 

Thus Wilhelmy|| investigated the action of sulphuric, phos- 
phoric, nitric, and hydrochloric acids on cane-sugar, and examined 
mathematically the progress of the change with reference to time. 
He satisfied himself that the final result of the conversion of the 
sugar is independent of the quantity of acid originally added. 


* Proc. Roy. Inst. Vol. i. + Compt. rend., xxviii, 505, 584. 
t Ann. Ch. Pharm., xcvi, 93, 101. § Compt. rend., xxix, 625. 
|| Pogg. Ann. Ixxxi, 413, 499. 
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Biot investigated a very curious state of combination between 
tartaric acid and boracie acid when they are both dissolved 
together in water, and he endeavoured to determine the nature of 
the transformation which tartaric acid undergoes when acted on 
by heat. He has applied circular polarization also more widely 
to the study of the question of the condition of a substance in 
solution. The papers* which contain these inquiries are very 
lengthy, and include much philosophical reflection on the subject 
in general. 

Thus also, from some observations of Bouchardat on the 
effect of polarized light on camphoric acid, the same saturated 
with soda, and then supersaturated with hydrochloric acid, I was 
able to derive from a novel source an additional illustration of 
the reciprocal decomposition of binary compounds in solution.+ 

Béchamptf too, from observations with the polariscope, arrived 
at the conclusion that crystallized starch sugar is- a combination 
which cannot exist indefinitely except in the solid state, and that 
when dissolved in water it loses its combined water, slowly in the 
cold, but rapidly under the influence of heat, resembling in this 
respect hydrated oxide of copper or hydrated oxide of iron in the 
presence of water. In fact he supposes that the C,,H,,O,,.2HO 
when dissolved passes, during the lapse of a certain number of 
hours, wholly into C,,H,,0,5. 


3rd. Examination of isomeric substances. 

Reference has already been made to the researches of Pasteur 
by which he unravelled the relations between racemic and tartaric 
acids, and enriched our knowledge of many organic compounds 
by exhibiting isomeric bodies identical with them save in their 
action on polarized light, and perhaps their crystalline form. 
Their solubility appears also in some instances to be slightly 
affected. His discoveries however have not been confined to 
those already alluded to. Finding that there exist two sulph- 
amylic acids, the one possessed of the rotatory power and the 
other not possessing it, he was able by their decomposition to 
produce two amylic alcohols differing slightly in their physical 
properties.§ His very original examination of the cinchona 

* Ann. Ch. Phys., xxviii, 215, 351; xxxvi, 257, 405. 

+ Chem. Soc. Qu. J., ix, 148. 

t Compt. rend., xlii, 640. Dubrunfaut differs from this explanation, ibid, 739 ; 


but Béchamp defends his own view, bid, 896. 
§ Comp. rend., xlii, 1259. 
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alkaloids, and the two isomeric groups at the head of which stand 
quinine and cinchonine,* I shall only just refer to, as his paper 
was reproduced in our Quarterly Journal.t+ 

Different isomeric essential oils of the composition C,H, might 
be distinguished by this method, but the data seem wanting for 
the practical application of circular polarization to the analysis 
of them. 

Berthelott has by the same agency investigated a very 
remarkable change that takes place in oil of turpentine, or oil of 
lemons, by the action of acids, alkaline or earthy chlorides, or 
some other salts. This isomeric modification is indicated by a 
reduction of the rotatory power whether positive or negative; it 
never entirely disappears, but there are grounds for believing 
that the result is a mixture of unaltered oil, and oil which has 
been rendered inactive. It is not necessary that the salt which 
produces this singular change should dissolve in the oil, for even 
the insoluble fluoride of calcium has a strongly marked effect. 


XXIV.—ON CHEMICAL ANALYSIS BY SPECTRUM- 
OBSERVATIONS. 


By Proressors KIRCHHOFF ann BUNSEN. 


(From Poggendorff’s Annalen, Bd. cx. S. 161.) 


T is well known that many substances possess the power of 
l developing peculiar bright lines in the spectrum of a flame 
into which they are introduced. This property may be made the 
foundation of a method of qualitative analysis, which greatly 
enlarges the field of chemical reactions, and leads to the solution 
of problems hitherto unapproachable. 

The bright lines produced in this manner, show themselves 
most plainly when the temperature of the flame is highest and 
its illuminating power least. Hence Bunsen’s gas-burner, which 
gives a flame of very high temperature and very slight luminosity, 
is well adapted for experiments on the bright lines of the flame- 
spectra produced as above described. 

The coloured plate at the end of this paper, shows the 
spectra given by such a flame when the chemically pure chlorides 
of potassium, sodium, lithium, strontium, calcium, and barium are 


* Comp. rend., xxxvii, 110. + Vol. vi, p. 273. 
¢ Ann. Ch. Phys., [3] xxxviii, 38. 
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volatilised in it. The ordinary solar spectrum is added by way of 
comparison. 

The potassium compound employed was obtained by igniting 
chlorate of potassium which had been previously recrystallized 
six or eight times. The chloride of sodium was prepared by 
neutralizing pure carbonate of sodium with hydrochloric acid and 
crystallizing the salt several times. 

The salt of lithium was purified by precipitation fourteen times 
with carbonate of ammonium. 

The purest specimen of marble which could be obtained, dissolved 
in hydrochloric acid, was the source of the calcium salt. From 
this solution the carbonate of calcium was thrown down in two 
portions by fractional precipitation with carbonate of ammonium, 
the latter half of the calcium salt being converted into the nitrate. 
The salt thus obtained was dissolved in absolute alcohol, and after 
evaporation of the alcohol, converted into the chloride by precipi- 
tation with carbonate of ammonium and solution in hydrochloric 
acid. 

To obtain pure chloride of barium, the commercial salt was 
boiled out repeatedly with nearly absolute alcohol, and the residual 
salt freed from alcohol was dissolved in water, and thrown down 
by fractional precipitation in two portions. The second only of 
these portions was dissolved in hydrochloric acid, and the salt still 
further purified by repeated crystallizations. 

Pure chloride of strontium was prepared by crystallizing the 
commercial salt several times from alcohol, and by fractional pre- 
cipitation of the salt with carbonate of ammonium, the second 
portion being dissolved in nitric acid, and the nitrate freed from 
the last traces of calcium salt by boiling with alcohol. The pro- 
duct thus purified was lastly thrown down with carbonate of 
ammonium, and the precipitate dissolved in hydrochloric acid. 
All these various purifications were conducted as much as possible 
in platinum vessels. 

The apparatus which we have usually employed for our spectrum- 
observations is represented in the annexed woodcut. A is a box 
blackened on the inside, having its horizontal section in the form 
of a trapezium, and resting on three feet ; the two inclined sides 
of the box, which are placed at an angle of about 58° from each 
other, carry the two small telescopes B and C. The eye-piece 
of the first telescope is removed, and in its place is inserted a 
plate, in which a slit made by two brass knife-edges is so arranged 
that it coincides with the focus of the object-glass. The gas-lamp 
D stands before the slit in a position such that the mantle of the 
flame is in a straight line with the axis of the telescope B. Some- 
what iower than the point at which the axis of the tube produced 
meets the mantle, the end of a fine platinum wire bent round to a 
hook is placed in the flame. The platinum wire is supported in 
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this position by a small holder, E, and on to the hook is melted a 
globule of the dried chloride which it is required to examine. 
Between the object-glasses of the telescopes B and C is placed a 
hollow prism, F, filled with bisulphide of carbon, and having a 
refracting angle of 60°. The prism rests upon a brass plate move- 
able about a vertical axis. The axis carries on its lower part the 
mirror G, and above that the arm H, which serves as a handle for 


turning the prism and mirror. A small telescope placed some 
way off is directed towards the mirror, and through this telescope 
an image of a horizontal scale, fixed at some distance from the 
mirror, is observed. By turning the prism round, every colour of 
the spectrum may be made to move past the vertical wire of the 
telescope C, and any required position in the spectrum thus brought 
to cvincide with this vertical line. Each particular portion of the - 
spectrum thus corresponds to a certain point on the scale. If the 
luminosity of the spectrum is very small, the wire of the telescope 
C may be illuminated by means of a lens, which throws a portion 
of the rays from a lamp through a small opening in the side of the 
tube of the telescope C. 

We have compared the spectra represented on the Plate, which 
were obtained from the pure chlorides, with those produced when 
the bromides, iodides, hydrates, sulphates and carbonates of the 
several metals are brought into the following flames :— 


Into the flame of sulphur. 
me Fe bisulphide of carbon. 
7‘ pt aqueous alcohol. 
Into the non-luminous flame of coal-gas. 
Into the flame of carbonic oxide. 
- ‘i hydrogen. 
Into the oxyhydrogen flame. 


As the result of these somewhat lengthy experiments, the details 
of which we here omit, it appears that neither the alteration of 
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the bodies with which the several metals may be combined, nor 
the variety of the chemical processes occurring in the several 
flames, nor the wide differences of temperature which these flames 
exhibit, produce any effect upon the position of the bright lines in 
the spectrum which are characteristic of each metal. 

The following considerations show how much the temperature 
of these various flames differ. An approximation to the tempera- 
ture of a flame is obtained by help of the equation. 


in which ¢ signifies the required temperature of the flame, g the 
weight of one constituent of substance burning in oxygen, w the 
heat of combustion of this constituent, p the weight, and s the 
specific heat of one of the products of combustion. The heat of 
combustion of the following bodies may be taken as— 


Sulphur.. 


Biaulphideo of ‘carbon....... 3400 
Hydrogen.. 00 snige.40) ee 
Rk i «5s shucndien se 13063 
eee 
i SOT TE 
Carbonic oxide ........... 2403 


The specific heats under constant pressure were found by 
Regnault to be— 
Sulphurous acid = 0°1553 
Carbonic acid = 0'2164 
Nitrogen = 0°2440 
Aqueous vapour = 0°4750 


Hence the temperatures of the flames are found to be— 


The sulphur flame. . ccccsece 18900 
The bisulphide of carbon flame......... 2195 
The coal-gas flame*. : ee ern eee. 
The carbonic oxide flamet............. 3042 
The hydrogen flame in airt . eSsieh\dineees 3259 
The oxyhydrogen flame§.............. 8061 


It was found that the same metallic compound, placed in one of 
these flames, gives a more intense spectrum the higher the tempe- 
rature of the flame. In the same flame, those compounds of a 
metal give the brightest spectra which are most volatile. 

_ In order to prove still more conclusively that each of the above- 

mentioned metals always produces the same bright lines in the 
spectrum, we have compared the spectra represented in the Plate 
with those produced when the electric spark passes between 
electrodes made of these metals. 

Small pieces of sodium, potassium, lithium, strontium, and 
calcium were fastened to fine platinum wires and melted two by 

* Ann. Ch. Pharm. exi. 258. 

+ Bunsen’s ‘ Gasometry.’ p. 242. t Ibid. § Ibid. 
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two into glass tubes, so that the pieces of metal were separated by 
about 1 to 2 millims., and the platinum wires were melted through 
the sides of the glass tubes. Each of these tubes was placed in 
front of the spectrum-instrument, and by means of a Ruhmkorff’s 
induction apparatus, sparks were allowed to pass between the 
pieces of metal inside the tube; the spectrum thus produced was 
then compared with that given by a gas-flame into which the 
chloride of the metal was brought. The flame was placed behind 
the glass tube. By alternately bringing the induction apparatus 
into and out of action, it was easy, without measuring, to convince 
ourselves that in the brilliant spectrum of the electric spark, the 
bright lines of the flame-spectrum were preseut in their normal 
position. Besides these lines, other bright ones appeared in the 
electric spark spectrum ; some of these were produced by foreign 
metals present in the electrodes; others arose from nitrogen, 
which filled the tubes after the oxygen had combined with a 
portion of the electrodes.* 

From these facts it appears certain that the appearance of the 
bright lines represented in the spectra on the Plate may be 
regarded as absolute proof of the presence of the particular metal. 
They serve as reactions by means of which these bodies may be 
recognized with more certainty, greater quickness, and im far 
smaller quantities than can be done by help of any other known 
analytical method. 

The spectra drawn on the Plate represent those seen when the 
slit was of such a width that only the most conspicuous of the 
lines of the solar spectrum were visible, the magnifying power of 
the telescope C being a fourfold one, and the light of a moderate 
degree of intensity. These circumstances seem to us to be the 
most advantageous when it is required to make a chemical analysis 
by means of spectrum-observations. The appearance of the spec- 
trum may, under other conditions, be essentially different. If the 
purity of the spectrum be increased, many of those lines which 
appeared before as single ones are split up into several; thus the 
sodium line is divided into two separate lines. If, on the other 
hand, the intensity of the light be imereased, new lines appear 
in several of the spectra and the relative brightness of the old 
ones becomes altered. In general an indistinct line becomes 
brighter upon increasing the illumination, more rapidly than a 
brighter line, but not to such an extent that the indistinct line 
ever overtakes the brighter one in intensity. A good example 
of this is seen in the two lithium lines. We have observed only 


* On employing on one occasion with strontium-electrodes a tube filled with 
hydrogen instead of nitrogen, the stream of sparks changed rapidly into a continuous 
are of light, whilst a grey pellicle covered the inside of the tube. The tube was 
opened under rock-oil, when it was found to be empty, the hydrogen having disap- 
peared. This gas appears, at the enormously high temperature of the electric spark, 
to have decomposed the oxide of strontium which was not completely removed from 


the metal. 
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one exception to this rule, namely in the line Ba », which by 
light of small intensity is scarcely visible, whilst Ba y appears 
plainly, but by light of greater intensity becomes more visible 
than the latter. We intend on a future occasion to examine 
this point in detail. 

We now proceed to describe the peculiarities of the several 
spectra, the exact acquaintance with which is of practical import- 
ance, and to point out the advantages which this new method of 
chemical analysis possesses over the older processes. 


Sodium. 


The spectrum-reaction of sodium is the most delicate of all. 
The yellow line Na a, the only one which appears in the sodium 
spectrum, is coincident with Fraunhofer’s dark line D, and is 
remarkable for its exactly defined form, and its extraordinary 
brightness. If the temperature of the flame be very high, and 
the quantity of the substance employed very large, traces of 
a continuous spectrum are seen in the immediate neighbourhood 
of the line. In this case too, the weaker lines produced by | 
other bodies, when near the sodium line, are discerned with 
difficulty, and are often not seen til] the sodium reaction has 
almost subsided. 

The reaction is most visible in the sodium-salts of oxygen, 
chlorine, iodine, bromine, sulphuric acid, and carbonic acid ; but 
it is always evident, even in the silicates, borates, phosphates, and 
other non-volatile salts. 

Swan* has already remarked upon the small quantity of sodium 
necessary to produce the yellow line. 

The following experiment shows that the chemist possesses no 
reaction which will bear the remotest comparison, as regards 
delicacy, with this spectrum-analytical determination of sodium. 
In a far corner of our experiment room, the capacity of which was 
about 60 cubic metres, we burnt a mixture of 3 milligrammes of 
chlorate of sodium with milk-sugar, whilst the non-luminous flame 
of the lamp was observed through the slit of the telescope. 
Within a few minutes, the flame, which gradually became pale 
yellow, gave a distinct sodium line, lasting for ten minutes, and 
then entirely disappearing. From the weight of sodium salt 
burnt, and the capacity of the room, it was easy to calculate that 
* In one part by weight of air there was suspended less than =, 
of a part of soda-smoke. As the reaction can be quite easily 
observed in one second, and as in this time the quantity of air 
which is heated to ignition by the flame is found, from the rate of 
issue and from the composition of the gases of the flame, to be 
only about 50 cub. cent. or 0°0647 grm. of air, containing less 
than => Of sodium salt, it follows that the eye is able to detect 


* Trans. Roy. Soc. Edinb, vol. xxi. Part III. p. 411. 
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with the greatest ease quantities of sodium salt less than 7%, of a 


milligramme in weight. With a reaction so delicate, it is easy to 
understand why a sodium reaction is almost always noticed in 
ignited atmospheric air. More than two-thirds of the earth’s 
surface is covered with a solution of chloride of sodium, fine 
particles of which are continually being carried into the air by 
the action of the waves. The particles of sea-water thus cast 
into the atmosphere, evaporate, leaving almost inconceivably small 
residues, which, floating about, are almost always present in the 
air, and are rendered evident to our eyesight in the sunbeam. 
These minute particles perhaps serve to supply the smaller organ- 
ized bodies with the salts which larger animals and plants obtain 
from the ground; but there is also another point of view, in which 
the presence of this chloride of sodium in the air is of interest. If, 
as is scarcely doubtful at the present time, the explanation of the 
spread of contagious disease is to be sought for in some peculiar 
contact-action, it is possible that the presence of an antiseptic 
substance like chloride of sodium, even in almost infinitely small 
quantities, may not be without influence upon such occurrences in 
the atmosphere. By means of daily and long-continued spectrum 
observations, it would be easy to discover whether the alteration 
of intensity in the line Na a produced by the presence of sodium- 
compounds in the air, has any connection with the appearance and 
direction of march of an endemic disease. 

The unexampled delicacy of the sodium reaction explains also 
the well-observed fact, that all bodies, after a lengthened exposure 
to air, show the sodium line when brought into a flame, and that 
it is only in a few salts that it is possible to get rid of the last 
traces of the line Naa, even after repeated crystallization from 
water which has only been in contact with platinum. A thin 
platinum wire, freed by ignition from every trace of sodium salt, 
shows the reaction most visibly after a few hours’ exposure to the 
air. In the same way, the dust which settles from the air in a 
room, shows the bright line Naa: to render this evident it is 
only necessary to knock a dusty book, for instance, at a distance 
of some feet from the flame, when a wonderfully bright flash of 
the yellow band is seen. 


Lithium. 


The luminous ignited vapour of the lithium compounds gives 
two sharply defined lines, the one a very weak yellow line, Li 8, 
and the other a bright red line, Lia. This reaction likewise 
exceeds in certainty and delicacy all ordinary methods of ana- 
lytical research. It is, however, not quite so sensitive as the 
sodium reaction, only, perhaps, because the eye is more adapted to 
distinguish yellow than red rays. When 9 milligrammes of 
carbonate of lithium mixed with excess of milk-sugar were burnt, 
the reaction was visible in a room of 60 cubic metres capacity. 
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Hence, by the method already explained, we find that the eye is 
capable of distinguishing with absolute certainty a quantity of 
carbonate of lithium less than ;2,, of a milligramme in weight : 
0:05 grm. of carbouate of lithium salt, burnt in the same room, 
was sufficient to enable the ignited air to show the red line Li a 
for an hour after the combustion had taken place. 

The compounds of lithium with oxygen, iodine, bromine, and 
chlorine are the most suitable for the purpose; still the carbonate, 
sulphate, and even the phosphate give almost as distinct a reaction. 
Minerals containing lithium, such as triphylline, triphane, petalite, 
lepidolite, require only to be held in the flame in order to obtain 
the bright line Li a in the most satisfactory manner. In this way 
the presence of lithium in many felspars can be directly shown, 
as, for instance, in the orthoclase from Baveno. The line is seen 
for a few moments only, directly after the mineral is brought into 
the flame. In the same way, the mica from Altenberg and Penig 
was found to contain lithium, whereas micas from Miask, Ashaffen- 
burg, Modum, Bengal, Pennsylvania, &c., were found to be free 
from this metal. In natural silicates which contain only small 
traces of lithium, this metal is not observed so readily. The 
examination is then best conducted as follows:—A small portion 
of the substance is digested and evaporated with hydrofluoric acid 
or fluoride of ammonium, the residue moistened with sulphuric 
acid and heated, the dry mass being dissolved in absolute alcohol. 
The alcoholic extract is then evaporated, the dry mass again 
dissolved in alcohol, and the extract allowed to evaporate on a 
shallow glass dish. The solid pellicle which remains is scraped off 
with a fine knife, and brought into the flame upon the thin 
platinum wire. For one experiment, ;}, of a milligramme is in 
general quite a sufficient quantity. Other compounds besides the 
silicates, in which small traces of lithium require to be detected, 
are transformed into sulphates by evaporation with sulphuric acid 
or otherwise, and then treated in the manner described. 

In this way we arrive at the unexpected conclusion, that lithium 
is most widely distributed throughout nature, occurring in almost 
all bodies. Lithium was easily detected in 40 cubic centimetres 
of the water of the Atlantic Ocean, collected in 41° 41’ N. lati- 
tude, and 39° 14’ W. longitude. Ashes of marine plants (kelp), 
driven by the Gulf-stream on the Scotch coasts, contain evident 
- traces of this metal. All the orthoclase and quartz from the 
granite of the Odenwald which we have examined contain lithium. 
A very pure spring water from the granite in Schlierbach, on the 
west side of the valley of the Neckar, was found to contain lithium, 
whereas the water from the red sandstone which supplies the 
Heidelberg laboratory was shown to contain none of this metal. 
Mineral waters, in a litre of which lithium could hardly be 
detected by the ordinary methods of analysis, gave plainly the line 
Li a, even if only a drop of the water on a platinum wire was 
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brought into the flame.* All the ashes of plants growing in the 
Odenwald on a granite soil, as well as Russian and other potashes, 
contain lithium. It was found also in the ashes of tabacco, of vine 
leaves, of the wood cf the vine, and of grapes,+ as well as in the 
ashes of the crops grown in the Rhine-plain near Waghiusel, 
Deidesheim, and Heidelberg, on a non-granitic soil. The milk of 
the animals fed upon these crops also contains lithium.t 

It is scarcely necessary to say that a mixture of volatile sodium 
and lithium salts gives the reaction of lithium alongside that of 
sodium with a scarcely perceptible diminution of precision and 
distinctness, The red lines of the former substance are still 
plainly seen when the bead contains ;,),, part of lithium salt, and 
when to the naked eye the yellow soda-flame appears untinged by 
the slightest trace of red. In consequence of the somewhat 
greater volatility of the lithium salt, the sodium reaction lasts 
longer than that of the other metal. In those cases, therefore, in 
which small quantities of lithium have to be detected in presence 
of large quantities of sodium, the bead must be brought into the 
flame whilst the observer is looking through the telescope. The 
lithium lines are often seen only for a few moments amongst the 
first products of the volatilization. 

In the production of lithium salts on the large scale, in the 
proper choice of a raw material, and in the arrangement of suitable 
methods of separation, this spectrum-analysis affords most valuable 
aid. Thus it is only necessary to place a drop of mother-liquor 
from any mineral spring in the flame and to observe the spectrum 
produced, in order to show that in many of these waste products 
a rich and hitherto unheeded source of lithium salts exists. In the 
same way, during the course of the preparation, any loss of lithium 
in the collateral products and residues can be easily traced, and 
thus more convenient and economical methods of preparation may 
be found to replace those at present employed.§ 


Potassium. 


Volatile potassium compounds give, when placed in the flame, a 
widely extended continuous spectrum, which contains only two 
characteristic lines, namely one line, Ka a, in the outermost red 


* When liquids have to be brought into the flame, it is best to bend the end of 
the platinum wire, of the thickness of a horsehair, to a small ring, and to beat this 
ring flat. If a drop of liquid be brought into this ring, enough adheres to the wire 
for the experiment. 

+ In the manufactories of tartaric acid, the mother-liquors contain so much 
lithium salts that considerable quantities can thus be prepared. 

t Dr. Folwarezny has been able, by help of the line Li a, to detect lithium in 
the ash of human blood and of muscular tissue. 

§ We obtain by such an improved method from two jars (about 4 litres) of a 
mother-liquor from a mineral spring, which by evaporation with sulphuric acid gave 
1k-2 of residue, half an ounce of carbonate of lithium of the purity of the commercial, 
the cost of which is about 140 florins the pound. A great number of other mineral- 
spring mother-liquors which we examined showed a similar richness in compounds 


of lithium. 
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approaching the ultra-red rays, exactly coinciding with the dark 
line A of the solar spectrum, and a second line, Ka £, situated far 
in the violet rays towards the other end of the spectrum, and also 
identical with a particular dark line observed by Fraunhofer. A 
very indistinct line coinciding with Fraunhofer’s line B, which, 
however, is seen only when the light is very intense, is not by any 
means so characteristic. The violet line is somewhat pale, but 
can be used almost as well as the red line for the detection of 
potassium. Owing to the position of these two lines, both situated 
near the limit at which our eyes cease to be sensitive to the rays, 
this reaction for potassium is not so delicate as the reaction for 
the two metals already mentioned. It became visible in the air 
of our room when one gramme of chlorate of potassium mixed 
with milk-sugar was burnt. In this way, therefore, the eye 
requires the presence of +,'55 of a milligramme of chlorate of 
potassium in order to detect the presence of potassium. 

Caustic potash, and all compounds of potassitim with volatile 
acids, give the reaction without exception. Potash silicates, and 
other non-volatile salts, on the other hand, do not produce the 
reaction by themselves, unless the metal is present in very consi- 
derable quantity ; when, however, the amount of potassium is 
smaller, it is merely necessary to melt the substance with a bead of 
carbonate of sodium. The presence of the sodium does not in the 
least interfere with the reaction, and scarcely diminishes its 
delicacy. Orthoclase, sanidime, and adularia may in this way be 
easily distinguished from albite, oligoclase, Labradorite, and 
anorthite. In order to detect the smallest traces of potassium 
salt, the silicate requires only to be slightly ignited with a large 
excess of fluoride of ammonium on a platinum capsule, after which 
the residue is brought into the flame on a platinum wire. In this 
way, it is found that almost every silicate contains potassium. 
Salts of lithium diminish or influence the reaction as little as 
sodium salts. Thus we need only to hold the end of a burnt 
cigar in the flame before the slit, in order at once to see the 
yellow line of sodium and the two red lines of potassium and 
lithium, this latter metal being scarcely ever absent in tobacco 
ash. 


Strontium. 


The spectra produced by the alkaline earths are by no means 
so simple as those produced by the alkalies. That of strontium 
is especially characterized by the absence of green bands. Eight 
lines in the strontium-spectrum are remarkable, namely, six red, 
one orange, and one blue line. The orange line, Sr a, which 
appears close by the sodium line towards the red end of the 
spectrum, the two red lines, Sr 8 and Sr y, and lastly, the blue 
line, Sr 6, are the most important strontium bands, both as regards 
their position and their intensity. To examine the intensity of 
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the reaction, we quickly heated an aqueous solution of chloride of 
strontium, of known concentration, in a platinum dish over a large 
flame till the water was evaporated and the basin became red-hot. 
The salt then began to decrepitate, and was thrown ap into the 
air, in microscopic particles in the form of a white cloud. On 
weighing the residual salt, it was found that in this way 0-077 
grm. of chloride of strontium had been mixed in the form.of a fine 
dust with the air of the room, weighing 77000 grms. As soon 
as the air in the room was perfectly mixed, by rapidly moving an 
open umbrella, the characteristic lines of the strontium-spectrum 
were beautifully seen. According to this experiment, a quantity 
of strontium may be thus detected equal to the ;%, part of a 
milligramme in weight. 

The chloride and the other haloid salts of strontium give the 
best reaction. The hydrate and carbonate of strontium give it 
much less vividly, the sulphate still less, whilst the com- 
pounds of strontium with the non-volatile acids give either a very 
slight reaction or none at all. Hence it is well first to bring the 
bead of substance alone into the flame, and then again after moist- 
ening with hydrochloric acid. If it be supposed that sulphuric 
acid is present in the bead, it must be held in the reducing part 
of the flame before it is moistened with hydrochloric acid, for the 
purpose of changing the sulphate into the sulphide, which is 
decomposed by hydrochloric acid. To detect strontium when 
combined with silicic, phosphoric, boracic, and other non-volatile 
acids, it is best to proceed as follows :—Instead of fusing with 
carbonate of sodium in a platinum crucible, a conical spiral of 
platinum wire is employed; this spiral is heated to whiteness in 
the flame, and dipped while hot into finely-powdered dried 
carbonate of sodium which should contain so much water that a 
sufficient quantity adheres to the wire when it is once dipped into 
the salt. The fusion takes place in this spiral much more quickly 
than in a platinum crucible, as the mass of platinum requiring 
heating is small, and the flame comes into direct contact with the 
salt. As soon as the finely-powdered mineral has been brought 
into the fused soda by means of a small platinum spatula, and the 
mass retained above the melting point for a few minutes, the 
cooled mass has only to be turned upside down, and knocked on 
the porcelain plate of the lamp in order to obtain the salt in a 
large coherent bead. The fused mass is covered with a piece of 
writing paper, and then broken by pressing it with the blade of a 
steel spatula until the whole is reduced to a fine powder. The 
powder is brought to one spot on the edge of the plate, and care- 
fully covered with hot water, which is allowed to flow backwards 
and forwards over it, so that, after decanting and rewashing the 
powder several times, all the soluble salts are extracted without 
losing any of the residue. If a solution of chloride of sodium be 
employed instead of water, the operation may be conducted more 
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rapidly and with greater security. The insoluble salt contains the 
strontium as carbonate ; and one or two tenths of a milligramme 
of the substance, brought on to the wire and moistened with 
hydrochloric acid, is sufficient to produce the most intense reaction. 
It is thus possible, without help of platinum crucible, mortar, 
evaporating basin, or funnel and filter, to fuse, powder, digest, 
and wash out the substance in the space of a few minutes. 

The reactions of potassium and sodium are not influenced by the 
presence of strontium. Lithium also can be easily detected in 
presence of strontium when the proportion of the former metal is 
not very small. The lithium line Li a appears as an intensely red 
sharply defined band upon a less distinct red ground of the broad 
strontium band Sr P. 


Calcium. 


The spectrum produced by calcium is immediately distinguished 
from the four spectra already considered by the very characteristic 
bright green line Ca 8. A second no less characteristic feature in 
the calcium spectrum is the intensely bright orange line Ca a, lying 
considerably nearer to the red end of the spectrum than either the 
sodium line Naa, or the orange band of strontium Sra. By 
burning a mixture consisting of chloride of calcium, chlorate of 
potassium, and milk-sugar, a white cloud is obtained which gives 
the reaction with as great a degree of delicacy as strontium salts do 
under similar circumstances. In this way it was found that pom 
of a milligramme in weight of chloride of calcium can be detected 
with certainty. Only the volatile compounds of calcium give this 
reaction ; the more volatile the salt, the more distinct and delicate 
does the reaction become. The chloride, bromide, and iodide 
of calcium are in this respect the best compounds. Sulphate of 
calcium does not produce the spectrum till it has become basic, 
but then very brightly and continuously. In the same way the 
reaction of the carbonate becomes more distinctly visible after the 
carbonic acid has been expelled. 

Compounds of calcium with the non-volatile acids remain inac- 
tive in the flame ; but if they are attacked by hydrochloric acid, 
the reaction may easily be obtained as follows: A few milligrammes 
of the finely powdered substance are placed on the moistened flat 
platinum ring in the moderately hot portion of the flame, so that 
the powder is fritted, but not melted on to the wire; if a drop of 
hydrochloric acid be now allowed to fall into the ring, so that the 
greater part of the acid remains hanging to the wire, and if the 
wire be then brought into the hottest part of the flame, the drop 
evaporates in the spheroidal state without ebullition. If the spec- 
trum of the flame be observed during this operation, it will be 
noticed that at the moment when the last particles of liquid 
evaporate, a bright calcium spectrum appears. If the quantities 
of the metal present are very.small, the characteristic lines are 
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seen for a moment only; if larger quantities are contained, the 
phenomenon lasts for a longer time. 

It is only in silicates which are decomposed by hydrochloric 
acid that the calcium can be thus detected. In those minerals 
which are not attacked by that acid, the examination is best made 
as follows. A few milligrammes of the substance under examina- 
tion, in a state of fine division, are placed upon a flat platinum lid, 
together with about a gramme of fluoride of ammonium, and the 
mixture is gently ignited until all the fluoride is volatilized. The 
slight crust of salt remaining is moistened with a few drops of 
sulphuric acid, and the excess of acid removed by heat. If about 
a milligramme of the residual sulphates be scraped together with 
a knife, and brought into the flame, the characteristic spectra of 
potassium, sodium, and lithium, supposing these three metals to be 
present, are first obtained either simultaneously or consecutively. 
If calcium and strontium be also present, the corresponding spectra 
generally appear somewhat later, after the potassium, sodium, and 
lithium have been volatilized. When only traces of strontium and 
calcium are present, the reaction is not always seen; it becomes, 
however, immediately apparent on holding the bead for a few 
moments in the reducing flame, then moistening it with hydro- 
chloric acid, and again bringing it into the flame. 

These easy experiments, such as either heating the specimen 
alone, or after moistening with hydrochloric acid, or after treating 
the powder with fluoride of ammonium, either alone or in presence 
of sulphuric or hydrochloric acid, provide the mineralogist and 
geologist with a series of most simple methods of recognizing the 
components of the smallest fragment of many substances (such, for 
instance, as the double silicates containing lime) with a certainty 
which is attained in an ordinary analysis only by a large expen- 
diture of time and material. The following examples will illustrate 
this statement. 

1. A drop of sea-water heated on the platinum wire shows at first 
a strong sodium reaction ; and after volatilization of the chloride of 
sodium, a weak calcium spectrum is observed, which on moistening 
the wire with hydrochloric acid becomes at once very distinct. If 
a few decigrammes of the residual salts obtained by the evaporation 
of sea-water be treated in the manner described under lithium 
with sulphuric acid and alcohol, the potassium and lithium reac- 
tions are obtained. The presence of strontium in sea-water can be 
best detected in the boiler-crust from sea-going steamers. The 
filtered hydrochloric acid solution of such a crust leaves, on evapo- 
ration and subsequent treatment with a small quantity of alcohol, 
a residue slightly yellow-coloured from basic iron salt, which is 
deposited after some days, and can then be collected on a small 
filter and washed with alcohol. The filter, burnt on a fine platinum 
wire and held in the flame, gives, besides the calcium lines, an 
intensely bright strontium spectrum. 
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2. Mineral waters often exhibit the reactions of potassium, 
sodium, lithium, calcium, and strontium by mere heating. If, for 
example, a drop of the Diirkheim or Kreuznach water be brought 
into the flame, the lines Na a, Li a, Ca a, and Ca f are at once 
seen. If, instead of using the water itself, a drop of the mother- 
liquor be taken, these bands appear most vividly. As soon as the 
chlorides of sodium and lithium have been to a certain extent 
volatilized, and the chloride of calcium has become more basic, the 
characteristic lines of the strontium spectrum begin to show them- 
selves, and continue to increase in distinctness, until at last they 
come out in all their true brightness. In this case, therefore, by 
the mere observation of a single drop undergoing vaporization, the 
complete analysis of a mixture containing five constituents is per- 
formed in a few seconds. 

3. The ash of a cigar moistened with hydrochloric acid, and 
held in ‘the flame, shows at once the bands Naa, Kaa, Lia, 
Ca a, Ca B. 

4, A piece of hard potash-glass combustion tubing gave, both 
with and without hydrochloric acid, the lines Naa and Kaa; 
treated with fluoride of ammonium and sulphuric acid, the bands 
Ca a, Ca £, and traces of Li a were rendered visible. 

5. Orthoclase from Baveno gives, either alone or when treated 
with hydrochloric acid, only the line Na a with traces of Li a and 
Kaa; with fluoride of ammonium and sulphuric acid, the bright 
lines Na a and Ka a, and a somewhat less distinct Li a, are seen. 
After volatilization of the bodies thus detected, the bead moistened 
with hydrochloric acid gives a scarcely distinguishable flash of the 
lines Ca a and Caf. The residue on the platinum wire, when 
moistened with cobalt solution and heated, gives the blue colour 
so characteristic of alumina. If the well-known reaction of silicic 
acid be likewise observed, we may conclude from this examination, 
made in the course of a very few minutes, that the orthoclase from 
Baveno contains silicic acid, alumina, potash with traces of soda, 
lime, and lithia; and also that no trace of baryta or strontia is 
present. 

6. Adularia from St. Gothard comported itself in a similar 
manner, excepting that the calcium reaction was indistinctly seen, 
whilst that of lithium was altogether wanting. 

7. Labradorite from St. Paul gives the sodium line Na a, but 
no calcium spectrum. On moistening the fragment with hydro- 
chloric acid, the lines Ca a and Ca B appear very distinct; with 
the fluoride of ammonium test, a weak potassium reaction is 
obtained, and also faint indications of lithium. 

8. Labradorite from the Corsican diorite gave similar reactions, 
except that no lithium was found. 

9. Mosanderite from Brevig, and Tscheffkinite from the 
Ilmengebirge, showed, when treated alone, the sodium reaction ; 
on the addition of hydrochloric acid, the lines Ca a and Ca £. 
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10. Melinophane from Lamoe gave the line Na a when placed 
alone in the flame; with hydrochloric acid, the lines Ca a, Ca £, 
and Li a became visible. 

11. Scheelite and sphene, give on treatment with hydrochloric 
acid, a very intense calcium reaction. 

12. When small quantities of strontium are present together 
with calcium, the line Sr 6 may be most conveniently employed 
for the detection of this metal. In this way the presence of small 
quantities of strontium may be easily detected in very many sedi- 
mentary limestones. The lines Na a, Li a, Ka a, especially Li a, 
are observed as soon as the limestone is brought into the flame. 
‘Converted by hydrochloric acid into chlorides, and brought in this 
form into the flame, these minerals give the same bands ; and not 
unfrequently the line Sr 6 is also distinctly seen. This latter 
appears, however, only for a short time, and is in general best seen 
when the calcium spectrum begins to fade. 

In this way, the lines Na a, Li a, Kaa, Ca a, Ca 8, and Sr 6 
were found in the spectra of the following limestones :— 

Limestone from the Silurian at Kugelbad near Prague. Mus- 
chelkalk from Rohrbach near Heidelberg. Limestone from the 
Lias at Malsch in Baden. Chalk from England. 

The following limestones gave the lines Na a, Li a, Ka a, Caa, 
Ca 8, but not the blue strontium band Sr 6 :— 

Marble from the granite near Auerbach.* Devonian limestone 
from Gerolstein in the Eifel. Carboniferous limestone from Planitz 
in Saxony. Dolomite from Nordhausen in the Harz. Jura-kalk 
from Streitberg in Franconia. 

From these few experiments, it is evident that a more extended 
series of exact spectrum analyses, respecting the amount of stron- 
tium, lithium, sodium, and potassium which the various limestone 
formations contain, must prove of the greatest geological import- 
ance, both as regards the order of their formation and their local 
distribution, and may possibly lead to the establishment of some 
unexpected conclusions respecting the nature of the oceans from 
which these limestones were originally deposited. 


Barium. 


The barium spectrum is the most complicated of the spectra 
of the alkalies and alkaline earths. It is at once distinguished 
from all the others by the green lines Ba a and Ba 8 (which are 
by far the most distinct) appearing the first and continuing during 
the whole of the reaction. Bary is not quite so distinct, but is 
still a well-marked and peculiar line. As the barium spectrum is 
considerably more extended than those of the other metals, the 
reaction is not observed to so great a degree of delicacy ; still 


* According to the method already described, a quantity of nitrate of strontium 
was obtained from 20 grms. of this marble such as to give a complete and vivid 
strontium spectrum. We have not examined the other limestones in the same way. 
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0:3 grm. of chlorate of barium burnt with milk-sugar gave a 
distinct band of Ba a which lasted for some time, when the air 
of the room was well mixed by moving an open umbrella about. 
Hence we may calculate, in the same manner as was done in the 
sodium experiment, that about +,),, of a milligramme of barium 
salt may be detected with certainty. 

The chloride, bromide, iodide, and fluoride, of barium, as also 
the hydrate, the sulphate, and carbonate, show the reaction best. 
It may be obtained by simply heating any of these salts in the 
flame. 

Silicates containing barium, which are decomposed by hydro- 
chloric acid, also give the reaction if a drop of hydrochloric acid- 
be added to them before they are brought into the flame. Baryta- 
harmotome, treated in this way, gives the lines Ca a and Ca £, 
together with the bands Ba a and Ba Pf. 

Compounds of barium with fixed acids, giving no reaction either 
when alone or after addition of hydrochloric acid, should be fused 
with carbonate of sodium, as described under strontium, and the 
carbonate of barium thus obtained, examined. If barium and 
strontium occur in small quantities together with large amounts 
of calcium, the carbonates obtained by fusion are dissolved in 
nitric acid, and the dried salt extracted with alcohol. The residue 
contains only barium and strontium, both of which can almost 
always be detected. When we wish to test for small traces of 
strontium or barium, the residual nitrates are converted into 
chlorides by ignition with sal-ammoniac, and the chloride of 
strontium is extracted by alcohol. Unless the quantity of one or 
more of the bodies to be detected is extremely small, the methods 
of separation just described are quite unnecessary, as is seen from 
the following experiment :— 

A mixture of the chlorides of potassium, sodium, lithium, 
calcium, strontium, and barium, containing at the most +), of a 
milligramme of each of these salts, was brought into the flame, 
and the spectra produced were observed. At first the bright 
yellow sodium line Na a appeared, with a background formed by 
a nearly continuous pale spectrum. As soon as this line began to 
fade, the exactly defined bright red line of Lithium Li a was seen ; 
and beyond this, still farther from the sodium line, the faint red 
potassium line Ka a was noticed, whilst the two barium lines, 
Ba a, Ba 8, with their peculiar shading, became distinctly visible 
in their characteristic places. As the potassium, sodium, lithium, 
and barium salts volatilized, their spectra became fainter and 
fainter, and their peculiar bands one after the other vanished, 
until, after the lapse of a few minutes, the lines Ca a, Ca 8, Sr a, 
Sr 8, Sry, and Sr 6, became gradually visible, and like a dissolving 
view, at last attained their characteristic distinctness, colouring, 
and position, and then after some time, became pale and disap- 
peared entirely. 
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The absence of any one or of several of these bodies is at 
once indicated by the non-appearance of the corresponding bright 
lines. 


Those who become acquainted with the various spectra by repeated 
observation, do not need to have before them an exact measurement of 
the individual lines in order to be able to detect the presence of the 
various constituents ; the colour, relative position, peculiar form, variety 
of shade and brightness of the bands are quite characteristic enough to 
ensure exact results, even in the hands of persons unaccustomed to such 
work. These special distinctions may be compared with the differences 
of outward appearance presented by the various precipitates employed 
for detecting substances in the wet way. Just as a precipitate is 
characterized as gelatinous, pulverulent, flocculent, granular, or crys- 
talline, so the lines of the spectrum exhibit their peculiar aspects, some 
appearing sharply defined at their edges, others blended off either at 
one or both sides, either similarly or dissimilarly, some, again, appearing 
broader, others narrower ; and just as in ordinary analysis we make use 
of those precipitates only which are produced with the smallest possible 
quantity of the substance supposed to be present, so in analysis with the 
spectrum, we employ only those lines which are produced by the 
smallest possible quantity of substance and require a moderately 
high temperature. In these respects, both analytical methods stand 
on an equal footing ; but analysis with the spectrum possesses a great 
advantage over all other methods, inasmuch as the characteristic differ- 
ences of colour of the lines serve as the distinguishing feature of the 
system. Most of the precipitates which are valuable as reactions are 
colourless ; and the tint of those which are coloured varies very consi- 
derably according to the state of division and mechanical arrangement 
of the particles. The presence of even the smallest quantity of impurity 
is often sufficient entirely to destroy the characteristic colour of a 
precipitate ; so that no reliance can be placed upon nice distinctions of 
colour as an ordinary chemical test. In spectrum-analysis, on the 
contrary, the coloured bands are unaffected by such alteration, of phy- 
sical conditions, or by the presence of other bodies. The positions which 
the lines occupy in the spectrum indicate the existence of a chemical 
property as unalterable as the combining weights themselves, and may 
therefore be estimated with almost astronomical precision. The fact, 
however, which gives to this method of spectrum-analysis a peculiar 
degree of importance is, that it extends almost to infinity, the limits 
within which the chemical characteristics of matter have been hitherto 
confined. By an application of this method to geological inquiries 
concerning the distribution and arrangement of the components of the 
various formations, the most valuable results may be expected ; even 
the few random experiments already mentioned have led to the unex- 
pected conclusion, that not only potassium and sodium, but also lithium 
and strontium must be added to the list of bodies occurring, only indeed 
in small quantities, but most widely spread, throughout the matter 
composing the solid body of our planet. 

The method of spectrum-analysis may also play a no less important 

art as a means of detecting new elementary substances ; for if bodies 
should exist in nature so sparingly diffused that the analytical methods 
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hitherto applicable have not succeeded in detecting or separating them, 
it is very possible that their presence may be revealed by a simple exami- 
nation of the spectra produced by their flames. We have had opportunity 
of satisfying ourselves that in reality such unknown elements exist. We 
believe that, relying upon unmistakeable results of the spectrum-analysis, 
we are already justified in positively stating that, besides potassium, 
sodium, and lithium, the group of the alkaline metals contains a fourth 
member, which gives a spectrum as simple and characteristic as that of 
lithium—a metal which in our apparatus gives only two lines, namely a 
faint blue one, almost coincident with the strontium line Sr 4, and a 
second blue one lying a little further towards the violet end of the 
spectrum, and rivalling the lithium line in brightness and distinctness of 
outline. 

The method of spectrum-analysis not only offers, as we think we have 
shown, a mode of detecting with the greatest simplicity the presence of 
the smallest traces of certain elements in terrestrial matter, but it also 
opens out the investigation of an entirely untrodden field, stretching far 
beyond the limits of the earth, or even of our solar system. For, in 
order to examine the composition of luminous gas, we require, according 
to this method, only to see it ; and it is evident that the same mode of 
analysis must be applicable to the atmospheres of the sun and of the 
brighter fixed stars. A modification must, however, be introduced on 
account of the light emitted by the solid nuclei of these heavenly bodies, 
In a Memoir published by one of us,* “On the relation between the 
Coefficients of Emission and Absorption of Bodies for Heat and Light,” 
it was proved from theoretical considerations that the spectrum of an 
incandescent gas becomes reversed (that is, that the bright lines become 
changed into dark ones) when a source of light of sufficient intensity, 
giving a continuous spectrum, is placed behind the luminous gas. From 
this we may conclude that the solar spectrum, with its dark lines, is 
nothing else than the reverse of the spectrum which the sun’s atmosphere 
alone would produce. Hence, in order to effect the chemical analysis of 
the solar atmosphere, all that we require is to discover those substances 
which, when brought into the flame, produce bright lines coinciding with 
the dark ones of the solar spectrum. 

In the paper above referred to, the following experimental facts are 
given in confirmation of the preceding theoretical conclusion. 

The bright red line produced in the spectrum of a gas-flame by the 
presence of a bead of chloride of lithium, is changed into a dark one when 
direct sunlight is allowed to pass through the flame. When the bead of 
lithium is replaced by one of chloride of sodium, the dark double line D 
(coincident with the yellow sodium line) appears with uncommon dis- 
tinctness. The dark double line D also appears when the rays of a 
Drummond’s light are passed through the flame of aqueous alcohol 
into which chloride of sodium is thrown.t 


* Kirchhoff, Poggendorff’s Annalen, cix. 275; and Phil. Mag. [4], xx. 1. 

+ In the Philosophical Magazine for March 1860, Prof. Stokes calls attention to 
the fact that in the year 1849, Foucault made an observation very similar to the 
above. In the examination of the spectrum produced by the electric arc between 
carbon points, Foucault noticed that bright lines occur where the double line D of 
the solar spectrum is found, and that this dark line D is produced or made more 
intense when the rays of the sun, or those from one of the incandescent carbon poles, 
are passed throngh the luminous arc. The observation mentioned in the text affords 
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It appeared of interest to obtain still further confirmation of this 
important theoretical conclusion ; the following experiments answered 
this purpose :— 

We ignited a thick platinum wire in the flame, and then by means of 
an electric current, heated it to a temperature approaching its melting- 
point. The wire gave a bright spectrum, in which no trace of either 
dark or bright lines was seen. A flame of weak aqueous alcohol, in which 
common salt was dissolved, on being brought between the wire and the 
slit of the apparatus, gave the dark line D most distinctly. 

The dark line D can be produced in the spectrum of a platinum wire 
heated in a flame, by holding between flame and spectrum a test-tube 
containing some sodium amalgam which is heated to boiling. 

This experiment is important, because it shows that sodium vapour at 
a temperature much below that at which it becomes luminous, exerts its 
absorptive power at exactly the same point of the spectrum as it does at 
the highest temperatures which we can produce, or at the temperatures 
existing in the solar atmosphere. 

We have succeeded in reversing the bright lines in the spectra of K, 
Sr, Ca, Ba, by employing sunlight and mixtures of the chlorates of these 
metals with milk-sugar. A small iron trough was fixed in front of the 
slit of our apparatus, in which the mixture was placed ; the direct sun- 
light was then allowed to pass along the whole length of the trough, and 
the mixture was ignited with a heated wire. The telescope C, with the 
wires cutting each other at an oblique angle, was placed so that the point 
of intersection of the wires coincided with the bright line of the flame- 
spectrum which was to be examined. The observer concentrated his 
attention upon this point, to judge whether, at the moment of burning 
the mixture, a dark line showed itself passing through the point of 
intersection of the cross wires. In this way it was easy, when the right 
proportions for the mixtures were found, to show that the lines Ba a, 
Ba f, as well as the line Ka 8, were reversed. The last of these lines 
coincides with one of the most distinct dark lines in the solar spectrum, 
though not marked by Fraunhofer, which, however, appears much 
more plainly than it is generally seen at the moment the potash salt 
burns. In order to prove that the strontium lines can be reversed, the 
chlorate of strontium must be most carefully dried, as the slightest trace 
ot moisture produces a positive strontium spectrum, owing to small 
particles of salt being thrown about in the flame, and thus diminishing 
the power of the solar rays. 


an explanation of this interesting pheenomenon observed by Foucault eleven years 
ago, proving that it is not occasioned by the properties of the electric light, which in 
many respects is still so enigmatical, but that it arises from a compound of sodium 
contained in the pole, and converted into incandescent gas by the current. 
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XXV.—Contributions to the History of the Phosphorus-Bases. 
By Aveustus Wittiam Hormann, F.R.S. 


[{Abstracted from a series of papers read before the Royal Society, June 21, 1860.] 


FIRST MEMOIR. 


In a paper* published a few years ago by M. Cahours and 
myself, the remarkable phosphorus-compounds, whose existence 
was first pointed out by the experiments of M. Paul Thénard, 
were subjected to a more complete examination than they had 
previously received. 

The discovery of a better mode of preparation enabled us to 
gain a clearer view of the nature of this group of substances, and 
to throw additional light on their relations to the nitrogen-bases ; 
but, owing to the overwhelming number of reactions which 
presented themselves, we were unable to submit the behaviour of 
the phosphorus-bases with other groups of bodies to a detailed 
examination. 

In continuation of former experiments, I have lately been much 
engaged in the investigation of the polyatomic ammonias, the 
study of which was naturally suggested by the beautiful researches 


* Philosophical Transactions, vol. exlvii, p. 575. Chem. Soc. Qu. vol. xi, p. 56. 
VOL. XIII. U 
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which have been published on the polyatomic alcohols. In the 
course of these experiments, I frequently had occasion to return 
to the phosphorus-bases, the employment of triethylphosphine in 
particular having in many instances led to results which would not 
easily have been obtained in any other way. The possibility of 
preparing this body in a state of perfect purity and in considerable 
quantity, by a series of processes, which, if not quite simple, are 
at least definite and certain, its position in the system of organic 
compounds, its conveniently situated boiling-point, the energy and 
precision of its reactions, and lastly, the simplicity which charac- 
terizes these reactions, in consequence of the absence of unreplaced 
hydrogen in triethylphosphine,—whereby the formation of a large 
number of compounds of subordinate theoretical interest is 
excluded,—all these conditions tend strongly to invite us to the 
study of a body, in whose chemical relations the leading questions 
of the day are not unfrequently mirrored with surprising distinct- 
ness. 

It was originally my intention to put together—in one frame, 
as it were—the various facts which I have collected relating to the 
phosphorus-bases; but the material lies scattered in so many 
directions, that I deem it more advisable to publish these observa- 
tions in a number of shorter memoirs, which, from the nature of 
the subject, must be more or less fragmentary. 


Preparation of Triethylphosphine——The whole of the material 
used in my experiments was prepared by the process formerly 
described in detail by Cahours and myself. The only alteration, 
which has been found advisable, relates to the separation of the 
triethylphosphine from the chloride-of-zinc-compound, which is 
produced by the action of trichloride of phosphorus on zinc-ethyl. 
It was formerly our practice to throw solid hydrate of potassium 
into the viscid mass of this salt, and then to dissolve the potassa 
by gradually dropping water into the retort, the heat resulting 
from the reaction being sufficient to carry over the base nearly 
anhydrous. It is better, however, to mix the double salt at once 
with water, and then decompose it in a retort filled with hydrogen, 
by allowing strong potassa-solution slowly to flow into it. On 
subsequently distilling the mixtnre on a sand bath in a continuous 
but very slow stream of hydrogen, the triethylphosphine passes 
over with the aqueous vapour and floats on the top of the con- 
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densed water in the receiver. By adopting this mode of pro- 
ceeding, the reaction is more under the command of the operator, 
and as the phosphorus-base is not sensibly soluble in water, the 
quantity of the product is not thereby diminished. 

By exact adherence to the prescribed conditions, it is hy no 
means difficult to prepare considerable quantities of pure triethyl- 
phosphine ; nevertheless the amount obtained is always less than 
it should be in proportion to the weight of the materials used. 
This loss is mainly due to the formation of secondary products, 
which cannot be wholly avoided even when the zinc-ethyl has been 
carefully prepared, and to partial decomposition of the latter 
substance during distillation : for it is scarcely possible to imagine 
a more elegant reaction than that which takes place between 
trichloride of phosphorus and ready-formed zinc-ethyl. Under 
these circumstances, many attempts were naturally made to obtain 
the phosphorus-base in other ways; I have always, however, 
returned to our original process. 

Totally unsuccessful was the attempt to obtain triethylphosphine, 
without previous preparation of zinc-ethyl, by exposing a mixture 
of 1 equiv. of trichloride of phosphorus and 3 equivs. of iodide 
of ethyl with excess of zinc in sealed tubes to a temperature of 
150°C. The bodies react under these circumstances; but as only 
traces of triethylphosphine are produced, I have not thought it 
worth while to pursue this reaction further. A more favourable 
result was obtained by heating a mixture of zine and phosphorus 
with anhydrous iodide of ethyl to between 150° and 160°. After 
several hours’ digestion, the tubes were found to be coated with 
white crystals, and a considerable portion of the phosphorus had 
passed into the red modification. Powerful escape of gas always 
took place on opening the tubes, and in several instances they 
were shattered, even when their points were softened in the lamp- 
flame to diminish the violence of the concussion. Besides zinc- 
ethyl, the presence of which is indicated by the abundant evolu- 
tion of hydride of ethyl which is observed on treating the contents 
of the tube with water, the chief products of this reaction are 
three phosphorus-compounds, which are formed in proportions 
varying according to the temperature and the duration of the 
action. 

On extracting the brown residue in the tubes with warm water, 


and evaporating the clear solution, an oily substance separates 
v2 
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which covers the bottom of the dish, and on cooling solidifies into 
a mass of hard crystals. By repeatedly crystallizing this substance 
from boiling water and from alcohol, large crystals are obtained, 
which give off triethylphosphine when treated with potassa even 
in the cold; by analysis* they were found to consist of a compound 
of iodide of zine with iodide of triethylphosphonium, composed 
according to,the formula 


C,H,,P Zn I, = [(C,H,),HP]I, Zn 1. 


A solution of iodide of triethylphosphonium mixed with iodide 
of zinc immediately gives a crystalline compound of exactly similar 
characters. 

The mother-liquor of the double salt yields, when further 
evaporated, another crystalline body which is more difficult to 
purify. After three or four crystallizations, however, well- 
developed crystals are obtained, which do not yield triethylphos- 
phine when treated with potash, either in the cold or with aid of 
heat. 

Analysis shows that this crystalline substance is a compound of 
iodide of zinc and oxide of triethylphosphine, 


C,H,;PO, ZnI = (C,H,),PO, Zul. 


The third compound, which remains in the mother-liquor after 
the two former have crystallized out, and separates, on further 
evaporation, in beautiful needle-shaped crystals, may be recognized 
without difficulty as iodide of tetrethylphosphonium. The crystals 
are insoluble in cold potassa-solution, and give off triethylphos- 
phine only when heated with solid hydrate of potassium. 

This iodide likewise unites with iodide of zinc ; and as this latter 
salt is always present in the mother-liquor in considerable quantity, 
the double salt is generally obtained together with the simple 
iodide. 


* The combustion of the phosphorus-compounds is not very easily effected. The 
experiment succeeds best with a mixture of chromate of lead and oxide of copper. 
All the carbon-determinations quoted in the following pages have been made with 
this mixture, unless another mode of proceeding is specially stated. All the sub- 
stances analysed wer? dried at 100°, except in a few cases, when the mode of drying 
is also specially mentioned. 

The details of the analytical determinations are given in the original papers 
published in the Philosophical Transactions for 1860. 

+ H=1; 0=16; S=32; C=12. 
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The mode of formation of these compounds is represented by 
the following equations :— 


4C,H,I+P+43Zn = [(C,H,),HP]I, Zn 14+2Zn 1+C,H,. 
4C,H,I+P+438Zn = [(C,H,),P]I, ZnI+2Zn1. 


The compound containing oxide of triethylphosphine is evidently 
formed at the expense of the air in the tube :— 


(C,H,),P+O+Zn I = (C,H,),PO, Zn I. 


The above zinc-iodide-compounds of triethyl- and tetrethyl-phos- 
phonium possess interest only in so far as they may serve for the 
preparation of phosphorus-base. The mixture evaporated to dry- 
ness and distilled with hydrate of potassium in an atmosphere of 
hydrogen, does indeed yield appreciable quantities of triethylphos- 
phine: the action of iodide of ethyl upon a mixture of zinc and 
phosphorus may therefore be recommended when it is desired to 
prepare a sample of this remarkable compound without specially 
arranged apparatus: but it is not adapted for the preparation of 
the phosphorus-base on the large scale. 

I have endeavoured to prepare by this process triamylphosphine 
and triallylphosphine, but the results were not such as to encourage 
me to continue the experiments. 

Cahours has recently made similar experiments, but with a 
difference in the mode of conducting them, which cannot fail to 
influence the result. Instead of subjecting iodide of ethyl to the 
action of a mechanical mixture of zinc and phosphorus, he has 
caused the compound Zn, P to act upon iodide of ethyl at a high 
temperature. The reaction will doubtless proceed more regularly 
under these conditions ; but the advantage which may perhaps be 
gained by avoiding the preparation of the zinc-ethyl is com- 
promised, at least in part, by the time and trouble expended in the 
somewhat complicated preparation of trizinco-phosphide. 


Oxide of Triethylphosphine.—The formation of the compound 
of this oxide with iodide of zinc to which I have alluded, induced 
me to subject to a careful examination the beautifully crystallized 
body produced from the phosphorus-base by exposure to the air. 

In our former experiments, Cahours and myself had often 
observed this substance, but we did not succeed in obtaining it in 
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a state of purity fit for analysis. Nevertheless, founding our 
conclusion on the composition of the corresponding sulphur- 
compound, and having regard to the analogies presented by the 
bodies of the arsenic- and antimony-series, we regarded this body 
as the oxide of the phosphorus-base : 


C,H,,PO = (C,H,),PO. 


I have since confirmed this formula by analysis. 

The difficulties which in our former experiments opposed the 
preparation of this compound in the pure state, arose entirely from 
the comparatively small quantity of material with which we had to 
work. Nothing is easier than to obtain this oxide in a state of 
purity, provided the available quantity of material is sufficient for 
distillation. In the course ofa number of preparations of triethy]- 
phosphine for the new experiments, a considerable quantity of the 
oxide had accumulated in the residues left after distilling the zinc- 
chloride-compound with potassa. On subjecting these residues to 
distillation in a copper retort, a considerable quantity of the oxide 
passed over with the aqueous vapours; and a further quantity was 
obtained as a tolerably anhydrous bnt strongly coloured liquid by 
dry distillation of the solid cake of salts which remained after all 
the water had passed over. The watery distillate, with or without 
addition of hydrochloric acid, was evaporated on the water-bath 
as far as practicable, and the concentrated solution was mixed with 
solid hydrate of potassium, which immediately separated the oxide 
in the form of an oily layer floating on the surface of the potash. 

The united products were then left in contact with solid potash 
for twenty-four hours, and again distilled. The first portion of 
the distillate still contained traces of water, a thin layer of 
triethylphosphine floating upon the surface. As soon as the 
distillate solidified, the receiver was changed, and the remaining 
portion (about nine-tenths) collected apart as the pure product. 

With reference to the properties of oxide of triethylphosphine, 
I may add the following statements to the description formerly 
given*. This substance crystallizes in beautiful delicate needles, 
which, if an appreciable quantity of the fused compound be allowed 
to cool slowly, frequently attain the length of several inches. I 
have been unable to obtain well-formed crystals; as yet I have not 


* Philosophical Transactions, 1857, p. 586; Chem. Soc. Qu., vol. xi, p. 66. 
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found a solvent from which this substance can be crystallized. It 
is soluble in all proportions, both in water and alcohol, and 
separates from these solvents on evaporation in the liquid condition, 
and solidifies only after every trace of water or alcohol is expelled. 

Addition of ether to the alcoholic solution precipitates this body 
likewise as a liquid. The melting point of oxide of triethylphos- 
phine is 44°; the point of solidification at the same temperature. 
It boils at 240° C. (corrected). 

As no determination of the vapour-density of any member of 
the group of compounds to which the oxide of triethylphosphine 
belongs has yet been made, it appeared to me of some interest to 
perform this experiment with the oxide in question. As the 
quantity of material at my disposal was scarcely sufficient for the 
determination by Dumas’ method, and Gay-Lussac’s was in- 
applicable on account of the high boiling-point of the compound, 
I adopted a modification of the latter, consisting essentially in 
generating the vapour in the closed arm of a U-shaped tube filled 
with mercury and immersed in a copper vessel containing heated 
paraffin, and calculating its volume from the weight of the mercury 
driven out of the other arm. As I intend to publish a full descrip- 
tion of this method, which promises to be very useful in certain 
cases, I shall here content myself with stating that the results of 
my experiments prove the vapour-density of oxide of triethylphos- 
phine to be 66°30, referred to hydrogen as unity, or 4°60 referred to 
atmospheric air. Assuming that the molecule of oxide of triethyl- 
phosphine corresponds to 2 vols. of vapour,* the calculated specific 


134 
gravity of its vapour = z= 67, when referred to hydrogen, and 


4°63 when referred to air. Hence we may conclude that in oxide 
of triethylphosphine, the elements are condensed in the same 
manner as in the majority of thoroughly investigated organic 
compounds. 

From the facility with which triethylphosphine is converted into 
the oxide by exposure to the air, even at ordinary temperatures, 
and from the very high boiling-point of the resulting compound, 
in consequence of which its vapour can exert but very slight 
tension at ordinary temperatures, I am induced to think that the 
phosphorus-base may be used in many cases for the volumetric 
estimation of oxygen. When a paper ball soaked in triethylphos- 


* H,O =2 vols. of vapour. 
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phine is passed up into a portion of air confined over mercury, 
the mercury immediately begins to rise, and continues to do so 
for about two hours, after which the volume becomes constant, the 
diminution corresponding very nearly to the proportion of oxygen 
in the air. To obtain very exact results, however, it would pro- 
bably be necessary in every case to remove the residual vapour of 
triethylphosphine by means of a ball saturated with sulphuric acid. 
Oxide of triethylphosphine exhibits in general but small ten- 
dency to unite with other bodies ; nevertheless it forms crystalline 
compounds with iodide and bromide of zinc. I have examined 
more particulaly the zinc-iodide-compound already mentioned. 


Oxide of Triethylphosphine and Iodide of Zinc.—On mixing 
the solutions of the two bodies, the compound separates either as a 
crystalline precipitate or in oily drops, which soon solidify with 
crystalline structure. It is easily purified by recrystallization from 
alcohol and contains— 

C,H,,;P O, ZnI = (C,H,),P O, Zn I. 
It is remarkable that this compound is formed in presence of a 
large excess of hydriodic and even of hydrochloric acid. 

The crystals melt at 99°: they readily dissolve in warm water, 

Fig. 1. and even more easily in alcohol. From 
a the alcoholic solution well-formed crys- 
tals are frequently obtained. 
My friend Quintino Sella has ex- 
amined these crystals.* 


** System monoclinic :— 
100, 101 = 34° 25’; 101, 001 —48° 48’ ; 
111, 010 = 50° 16’. 


Forms observed :— 
100, 010, 001, 110, 011, 111, (Fig. 1). 

Combinations observed :— 

110, 001 (Fig 2). 

110, 001; 100 ( Figs. 3 & 4). 

110, 001; 100, 010 (Fig. 5). 

001, 100, 110, 111. 

001, 100, 110, 111; 011. 

001, 100, 110, 111; 011, 010 (Fig. 6). 
* The details of the crystallographical determinations are given in the original 

papers published in the Philosophical Transactions for 1860. 
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Fig. 2. Fig. 3. 


i 
oa j 


Hemitropic crystals with the axis of hemitropy [100], with 
the face of hemitropy 001. 

The hemitropic crystals are sometimes 
simple, as in Fig. 7; sometimes compli- 
cated, as in Fig. 8. It is then difficult 
to distinguish them from trimetric crys- 
tals; they become, however, intelligible 
by assuming that they result from four 
hemitropic crystals grouped round [100], 
as in Fig. 9. It is found sometimes that 
several crystals, like those of Fig. 8, are associated by 001. 


Fig. 8. 


It deserves to be noticed that the crystals (Figs. 2, 3, 4,5, and 
7) were formed in the presence of hydrochloric acid, and that in 
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the absence of this acid, only crystals of Fig. 8 are obtained, 
which, without the study of the cleavage and the optical characters, 
could not be distinguished from trimetric crystals. 

Cleavages 001 and 110 neat and easy. The cleavage 110 of the 
hemitropic crystals (Fig. 8) exhibits re-entering angles. 

Lustre vitreous on the fracture, fatty on the faces. 

Hardness somewhat greater than that of gypsum. 

The crystals are optically positive; the line of symmetry [010] 
is their principal medium line. The internal angle of the optical 
axes differs but little from 78°: and the plane which contains them 
is nearly perpendicular to the edge of the prism 110. 

The smallest index of refraction is approximately y=1°58.” 


Oxide of Triethylphosphine and Dichloride of Platinum.—No 
precipitate is formed on mixing the aqueous solutions of the two 
compounds, however concentrated; but on adding the anhydrous 
oxide to a concentrated solution of dichloride of platinum in 
absolute alcohol, a crystalline platinum-compound is deposited 
after a few moments. This compound is exceedingly soluble in 
water, easily soluble in alcohol, insoluble in ether. On adding 
ether to the alcoholic solution, the salt is precipitated, although 
with difficulty, in the crystalline state. The alcoholic solution, 
when evaporating spontaneously, yields beautiful hexagonal plates, 
frequently of rather large dimensions. On account of its 
extreme solubility, it is not quite easy to obtain this salt in con- 
siderable quantity. 

Analysis has led to the somewhat complicated formula 


C,,H,,P,0,Pt,Cl,=3[(C,H,),PO], (C,H,),PCI,, 2PtCl,. 


Fig. 10. 


The platinum-salt has likewise been 
examined by Quintino Sella. 


“ System monoclinic :— 
100, 101 = 27° 19’; 101, 001 = 
46° 23’; 010, 111 = 41° 4’. 


oo 


Forms observed :— 
100, 001, 110, 101, 111, 112 (Fig. 10.) 
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Combinations observed :— 
001, 100, 110. (Fig. 
001, 110, 112, 101. 
0D1, 110, 112, 101, 100, 111 (Fig. 


Fig. 11. 


Cleavages 101 and 110 neat and easy. 

Colour orange-red. 

The optical axes are situated in 010, i.e. in the plane of sym- 
metry. They are seen across the faces 001 and the cleavages 
101, and they make an apparent angle of about 64°.” 


On mixing a concentrated solution of the oxide of triethylphos- 
phine with trichloride of gold, a deep-yellow oil is separated, which 
crystallizes with difficulty after considerable standing. This com- 
pound is exceedingly soluble in water and in alcohol. When the 
aqueous solution is heated, the gold is reduced; the transformation 
which the oxide of triethylphosphine undergoes in this reaction 
has not been examined. 

Chloride of Tin forms likewise an oily compound with the 
oxide: I have not succeeded in crystallizing this compound. 

Chloride of Mercury is without any action on oxide of triethyl- 
phosphine. 


Oxychloride of Triethylphosphine—On passing a current of dry 
hydrochloric acid through a layer of oxide of triethylphosphine 
which is fused in a U-shaped tube surrounded by boiling water, 
brilliant crystals are soon formed. These crystals, however, 
rapidly disappear, the compound formed in the commencement of 
the reaction uniting with an excess of hydrochloric acid. The 
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viscous liquid which ultimately remains behind, loses, when heated, 
the excess of hydrochloric acid, leaving an exceedingly deliquescent 
crystalline mass, very soluble in alcohol, insoluble in ether. 

For analysis, the new compound was washed with absolute ether, 
and dried over sulphuric acid in vacuo, either at the common 
temperature or at 40°. Three chlorine-determinations in speci- 
mens of different preparations led to the formula 


C,H 3)P,0Cl, = (C,H;);PO + (C,H; )3PCl,, 


which represents an oxychloride of triethyphosphine. The 
dichloride of triethylphosphine cannot be formed by the action of 
hydrochloric acid upon the oxide. 

The oxychloride exhibits with other compounds the deportment 
of the oxide. It furnishes with dichloride of platinum the same 
platinum-salt which is obtained with the oxide. In a similar 
manner it gives with iodide of zinc the iodide-of-zinc-compound of 
the oxide previously described. Only once—under conditions not 
sharply enough observed at the time, and which I was afterwards 
unable to reproduce in repeated experiments—a compound of the 
oxychloride with iodide of zinc was formed. This substance, 
readily soluble in water and alcohol, crystallized from the latter 
solvent in beautiful colourless transparent octahedra, which, on 
analysis, gave results, leading to the formula, ° 


C,,H,,P,OCI,Zn,I, = (C,H,),PO,ZnI + (C,H,),PCI,,ZnI. 


Behaviour of Triethylphosphine with Sulphur-compounds.—The 
remarkable tendency of the phosphorus-base to unite with sulphur 
has already been mentioned in the previous memoir: the com- 
bination of the two bodies is attended with evolution of heat, the 
result being a beautifully crystalline substance, 


C,H,;PS = (C,H;)3PS, 


corresponding to the oxide of triethylphosphine. 

This behaviour has induced me to study the action of several 
sulphur-compounds on the phosphorus-base. In the cases which I 
have examined, the ultimate product is almost invariably the 
sulphide of triethylphosphine, already mentioned as resulting from 
the direct combination of the phosphorus-base with sulphur; but 
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the conditions under which this sulphide is produced vary con- 
siderably; and in the majority of cases, it occurs only as a secondary 
product of the decomposition of other more direct compounds, 
some of which appeared to me sufficiently interesting to deserve 
more minute investigation. 

In the course of the experiments which I am going to describe, 
I have prepared considerable quantities of the sulphide of triethyl- 
| phosphine. This compound, although remarkable for tie facility 
with which it crystallizes, is not easily procured in well-formed 
crystals. It was only once or twice that I obtained crystals with 
good faces. ‘They were examined by Quintino Sella, who com- 
municates to me the following results :— 


“ System rhombohedric :— 

100, 111 = 54° 35’. 
Forms observed :— 

101, 211, 210 (Fig. 13). 

Combinations observed :— 

101, 210 (Fig. 14). 

101, 210; 211. 

Fig. 13. 


J 


At summer heat, the crystals are very soft and flexible; they 
may be bent 180° without breaking. At lower temperatures, they 
are harder and much less flexible. 

The crystals are optically positive. The index of refraction for 
the extraordinary ray e=1°65, and for the ordinary ray o=1°59. 


* Behaviour of Triethylphosphine with Sulphuretted Hydrogen.— 
The phosphorus-base has no action on sulphuretted hydrogen. 
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When it is brought in contact with hydrosulphuric acid over 
mercury, the gas does not exhibit any alteration. No sulphide of 
triethylphosphine is formed, even in presence of air, as might 
indeed have been expected. The attraction of the phosphorus- 
base for oxygen prevents the oxidation of the sulphuretted 
hydrogen ; a solution of this gas in water, when mixed with a few 
drops of triethylphosphine, may be preserved in air-filled vessels 
much longer than without this addition. 


Behaviour of Triethylphosphine with Sulphide of Nitrogen— 
Sulphide of Nitrogen, N 8, prepared as recommended by Fordos 
and Gelis, viz., by the action of ammonia on chloride of sulphur 
dissolved in disulphide of carbon, is decomposed by triethylphos- 
phine, with evolution of light and heat. Gas is evolved, and at 
the same time a yellowish liquid is produced, which, on cooling, 
solidifies into a fibrous mass of crystals of the sulphide. 


Behaviour of Triethylphosphine with Mercaptan.—When these 
two bodies are mixed together in an atmosphere of carbonic acid, 
no alteration takes place, even if they are left in contact for some 
time, or if they are heated to 100° in sealed tubes for twenty-four 
hours. But if the mixture be poured into an air-filled flask, 
crystals of sulphide of triethylphosphine make their appearance in 
a few hours. The crystals increase if the air has free access to the 
mixture; but if the flask be corked, the crystallization is inter- 
rupted. On opening the flask, the entry of the air may be 
recognized by the light cloud which the phosphorus-base, diffused 
through the atmosphere of the vessel, forms with the oxygen. 
When a mixture containing excess of mercaptan was left for a few 
days in an open flask, every trace of phosphorus-base had dis- 
appeared, and the remaining colourless liquid was filled with 
crystals of the sulphide. On mixing this liquid with water, it 
separated into two layers, the upper of which quickly solidified, 
especially on exposure to the air, to an imperfectly crystalline 
mass, easily recognized as a mixture of sulphide of triethylphos- 
phine with excess of mercaptan. The impure crystals were 
exposed for a while to the air and then recrystallized from boiling 
water, when, on analysis, they gave results agreeing with the 
formula 


C,H,,PS = (C,H,),P8. 


~S — of es wm © of 6. O.UDlUlUlO Ct 


HISTORY OF THE PHOSPHORUS-BASES. 303 


The lower stratum of liquid is aqueous alcohol containing small 
quantities of oxide of triethylphosphine and mercaptan. To 
remove the latter, the liquid was shaken up with recently precipi- 
tated mercuric oxide and distilled. The distillate, rectified several 
times over lime, yielded a clear liquid, which burnt with a colour- 
less flame and exhibited all the characters of alcohol. 

The interpretation of this result appears at the first glance 
exceedingly simple ; the sulphide of triethylphosphine cannot be 
formed directly from the phosphorus-base, but owes its origin to 
the oxide first produced by the action of air, this oxide being 
decomposed by the mercaptan and yielding sulphide of triethyl- 
phosphine and alcohol : 


(C,H,),PO + “ah St Cat O + (C,H,),PS. 


Experiment shows, however, that this equation illustrates only the 
final result of the reaction. Oxide of triethylphosphine and mer- 
captan, brought together under the most various conditions at 
ordinary temperatures and under pressure, do not yield a trace of 
sulphide of triethylphosphine ; and we have to suppose, therefore, 
that the mercaptan interchanges its sulphur with the oxygen of 
the oxide of triethylphosphine, only at the instant of formation of the 
latter, or what comes to the same thing, that the oxygen of the air, 
in presence of a substance so greedy of sulphur as triethylphos- 
phine, directly takes the place of the sulphur in the mercaptan. 

In connection with this subject, various attempts were made to 
replace the oxygen in oxide of triethylphosphine by sulphur. But 
neither by treatment with sulphide of ammonium, nor by continued 
boiling with the higher sulphides of potassium, could the oxide be 
converted into the corresponding sulphide, whereas the conversion 
of the sulphide into the oxide takes place without any difficulty. 
This, however, is not more than might have been expected from 
the behaviour of the oxide with hydrochloric acid, mentioned in 
one of the preceding paragraphs. The different degrees of 
stability which characterize the oxide and the sulphide of triethy]- 
phosphine may also be strikingly seen in the behaviour of 
these compounds with sodium, the sulphide being reduced, with 
the greatest facility, to free triethylphosphine, even below the 
melting-point of the sodium, whereas the oxide may be distilled 
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from sodium without experiencing the slightest alteration,* 
Ebullition with ordinary concentrated nitric acid likewise converts 
the sulphide into the oxide, the sulphur being at the same time 
transformed into sulphuric acid. The liquid filtered off from the 
precipitate obtained by barium-salts, when evaporated to dryness 
and fused with nitrate of potassium, yields no further trace of 
sulphur. 


Behaviour of Triethylphosphine with Disulphide of Carbon— 
These two bodies, when mixed in the anhydrous state, act upon 
one another with considerable force, amounting frequently to 
explosive violence, and unite into a red crystalline mass. The 
compound is best prepared by mixing the solutions of its consti- 
tuents in alcohol or ether: the new body then instantly separates 
in beautiful red crystalline lamine. 

Several times recrystallized from alcohol and dried over sulphuric 
acid, the new body has furnished results leading to the formula, 


C, H,, PS,=(C,H,), P+CS,. 


The red crystals are not the only product of the action of disul- 
phide of carbon on triethylphosphine. A second beautifully 
crystallized compound is deposited after some time from the 
mother-liquor. This substance is formed in extremely minute 
quantity : its nature is not yet established. 

The compound of triethylphosphine with disulphide of carbon is 
insoluble in water, sparingly soluble in ether, moderately soluble 
in disulphide of carbon, and somewhat more soluble in alcohol, 
especially when heated. The solution has no action on vegetable 
colours. From the boiling alcoholic solution, it separates on cool- 
in red needles, somewhat resembling the crystals of chromic acid, 
which are formed by the action of strong sulphuric acid on a solu- 
tion of chromate of potassium. The ethereal solution, left to 
evaporate in an open cylinder, deposits finely developed, deep-red 
crystals of considerable size. Quintino Sella has examined these 
crystals with the following results. 


* In the previous memoir, it is stated that the phosphorus-base is reproduced from 
the oxide by the action of metallic sodium. Probably the oxide used in the former 
experiments contained a small quantity of free triethylphosphine, and thus led to 
an erroneous statement. 
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“System monoclinic :-— 
100, 101 = 29° 413’; 010, 111=74° 4; 101, 001 = 27° 77’. 


Forms observed :— if 
100, 010, 001, 110, 101 (Fig. 15.) 


Combinations observed :— 
100, 110, 001, 101 (Fig. 16.) 
100, 110, 001, 101, 010 (Fig. 17.) 


Fig. 15. 


Cleavages :—010, 100, neat and easy. 


The crystals are optically positive: the medium-line coincides 
with the axis of symmetry [010]. The interior angle of the 
optical axes is not very different from 70°. The plane of the 
optical axes is nearly parallel to the face 001. The axis of sym- 
metry, or of smallest elasticity, exhibits a violet-red colour, which 
even in very thin layers is very intense. The axis nearly parallel 
to [100], or the axis of greatest elasticity, exhibits a similar but 
much lighter red tint. The normal shows in thin layers a straw- 
yellow, in thicker layers an orange-yellow colour. In polarized 
light, one of the most beautiful examples of dichroism is observed by 
looking across the faces 010, the colour passing in the case of thin 
layers from a pure yellow to a deep red. But even in ordinary 
light the dichroism is perceptible; for the light passes with a 
Violet-red across the faces 100, and with an orange-red colour of 
far less intensity across the faces 010. 

Hardness less than that of gypsum.” 

The red crystals appear to possess the character of a weak base. 
They dissolve in strong hydrochloric acid, forming a colourless 
liquid, from which potassa or ammonia throws down the com- 
pound in its original state, though somewhat lighter in colour, on 

VOL. XIII, x 
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account of its minute state of division. The acid solution forms 
with dichloride of platinum a light yellow amorphous salt, in- 
soluble in alcohol and ether, which changes colour and somewhat 
decomposes on drying. It darkens in colour, even when dried in 
vacuo, hydrochloric acid fumes being evolved. The analysis of a 
slightly decomposed salt gave results approximately agreeing with 
the formula, 


(C, H,), P, CS,, H Cl, PtCl,. 


The gold-salt is obtained like the platinum-salt, and exhibits 
similar properties. 

It is not very easy to form a clear notion of the constitution of 
the red crystals. According to the formula, the compound is the 
primary triethylphosphonium-salt of sulphocarbonic acid minus 1 
equiv. of sulphuretted hydrogen, and corresponds therefore to sul- 
phocarbamic acid, the ammonium salt of which, as is well known, 
is produced by the action of ammonia on disulphide of carbon. 
There is, however, no analogy in the constitution of the two 
substances. 

The red crystals exhibit a remarkable tendency to pass into the 
sulphide of triethylphosphine. On mixing their alcoholic solution 
with oxide or nitrate of silver, carbonic acid is evolved, sulphide of 
silver and metallic silver are separated, and the filtered solution, 
when evaporated, deposits crystals of the sulphide: 


(C, H,), P,CS, +2Ag, O = Ag, S+Ag, +CO,+ (C,H,), PS. 


The disulphide-of-carbon-compound undergoes a similar change, 
even under the influence of moisture. Crystals which had not 
been dried with sufficient care, were changed, after a few months, 
when kept in corked tubes, into a yellowish white, semifluid mass, 
of peculiar odour, which, by recrystallization from boiling water, 
furnished a considerable quantity of pure sulphide of triethylphos- 
phine. To establish this transformation by numbers, the purified 
crystals were identified by analysis. 

It is obvious that the transformation of the red crystals into the 
sulphide involves the co-operation of the elements of water. Per- 
fectly dry crystals were preserved in sealed tubes for many months 
without the slightest alteration. The crystals fuse at 95° and 
volatilize at 100°; in the absence of moisture, they may be heated 
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under pressure to 150° without undergoing any decomposition. 
The phenomena are very different in the presence of water. When 
exposed for some days in sealed tubes with water to a temperature 
of 100°, the red crystals are gradually transformed into white 
needles, which are easily recognized as sulphide of triethylphos- 
phine. The transformation is independent of atmospheric air: for 
it takes place with equal facility in vessels with air, or carbonic 
acid, or in vacuo. 

The products which accompany the sulphide formed in this 
reaction vary according to the time during which the red crystals 
are digested with water. If the tubes be allowed to cool after one 
or two days’ digestion, the liquid generally becomes filled with 
white needles, which are, however, still intermixed with red prisms, 
showing that the transformation is not yet complete. Scarcely 
any gas escapes when the tubes are opened, but when gently 
heated, the liquid yields abundance of disulphide of carbon. On 
the other hand, when the tubes are heated until the transfor- 
mation of the red compound is accomplished,—which generally 
takes place after three or four days’ digestion,—a large volume of 
gas escapes on opening the tubes, and they are occasionally shattered. 
The gas which is thus evolved consists of sulphuretted hydrogen 
and carbonic acid, which are obviously secondary products of the 
reaction, arising from the protracted action of the water upon the 
disulphide of carbon, which is separated in the first stage of the 
process. The liquid from which the crystals of sulphide have been 
deposited has a distinctly alkaline reaction, which belongs neither 
to the sulphide nor to the red crystals from which the sulphide 
arises, both these compounds being without action on vegetable 
colours. To seize the basic substance, the liquid was evaporated 
on the water-bath, till the sulphide had been as far as possible 
expelled, and then precipitated with iodide of zinc, which does not 
combine with the sulphide, traces of this body which might have 
remained, being in this manner eliminated. The iodide-of-zinc- 
precipitate was semisolid, and slowly became crystalline on treat- 
ment with alcohol ; it did not, however, exhibit a sufficiently definite 
appearance to warrant its analysis. The bases were therefore 
at once liberated again by digesting the precipitate with oxide of 
silver ; the powerfully alkaline liquid thus obtained gave, on addi- 
tion of hydrochloric acid and dichloride of platinum, a difficultly 


soluble platinum-salt, crystallizing, after the necessary purification, 
x2 
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from boiling water, in splendid octohedra, which on analysis proved 
to be the methyl-triethylphosphonium-compound. 

The solution filtered off from the octohedral salt gave, on evapo- 
ration, the extremely soluble six-sided tables of the platinum-salt 
of oxide of triethylphosphine, which I have mentioned in the 
commencement of this paper. 

The products of the action of water upon the red crystals, then, 
are sulphide of triethylphosphine—the principal product—oxide of 
triethylphosphine, hydrate of methyl-triethylphosphonium, and 
disulphide of carbon, which may be partly or entirely converted 
into sulphuretted hydrogen and carbonic acid. Four molecules of 
the disulphide-of-carbon-compound and two molecules of water 
contain the elements of two molecules of the sulphide, one mole- 
cule of the oxide, one molecule of the hydrated phosphonium, and 
three molecules of disulphide of carbon : 


4{(CjH,)P-CS,] + 2 [f+ ©} = 2[(CaH,)sPS] + (CoH,)sPO + 
((CH)CHIED 0 + sc8, 


Whilst engaged with the experiments involved in the elucida- 
tion of this subject, I observed occasionally small well-defined 
yellow crystals disseminated among the mixture of white and red 
needles, which are deposited when the digestion-tubes are allowed 
to cool, before the transformation is terminated. The yellow 
crystals appeared in greater quantity towards the close of the 
operation, and were found to be a secondary product formed by 
the action of the sulphuretted hydrogen, which is generated in the 
last stage of the process. I have since learnt to prepare the 
yellow crystals by a simpler and more definite method. This 
remarkable compound has become the starting-point of a new 
enquiry, the result of which I reserve for a later communication. 

The formation of the red crystals by the union of triethylphos- 
phine and disulphide of carbon takes place so rapidly, ‘and with 
such facility, that ever since the first time I observed this 
phenomenon, I have used the disulphide of carbon as a reagent for 
the detection of the phosphorus-hases: for trimethylphosphine 
exhibits a depertment perfectly similar to that of the ethyl-body. 
The minutest quantities of these bases may thus be readily and 
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safely recognized. The reaction is best observed by pouring the 
liquid to be examined upon a watch-glass, and allowing the vapour 
of the disulphide of carbon to flow from an inclined bottle upon the 
liquid. The watch-glass immediately becomes coated with a beauti- 
ful net-work of the red crystals. It requires scarcely to be men- 
tioed that the crystals are formed only when the phosphorus- 
bases are free. They appear, however, readily on adding to a 
mixture of their salts and disulphide of carbon, a drop of potash, 
which liberates the bases. 

On the other hand, triethylphosphine may be employed with the 
greatest advantage as a test for disulphide of carbon. There is, in 
fact, no test for this substance, which in delicacy could be compared 
with it. By its aid the presence of the disulphide in the most 
volatile fractions of coal-tar-benzol is readily proved; even the 
exceedingly small quantity of disulphide of carbon diffused in the 
most carefully purified coal-gas may, as I have shown already in 
another place,* be recognized without any difficulty. 

In order to satisfy myself that disulphide of carbon may be 
employed with safety as a test for the phosphorus-bases, it was 
necessary to examine the deportment of this compound with the 


arsines and stibines. Disulphide of carbon exhibits no reaction 
with triethylarsine and triethylstibine, I have left mixtures of 
these bases with the disulphide in contact for a considerable length 
of time, both at the common temperature and at 100°, without 
being able to observe the slightest alteration. I have also satisfied 
myself that disulphide cf carbon, at all events in the common 
temperature, is without action upon phosphoretted hydrogen. 


In examining somewhat minutely into the deportment of 
triethylphosphine with sulphur-compounds, the organic sulphocya- 
nates could not be left nnnoticed. My attention was in the first 
place fixed by the sulphocyanate of phenyl, which I had just dis- 
covered at the time I was engaged in the study of these reactions. 


Action of Sulphocyanate of Phenyl upon Triethylphosphine. The 
reaction between the two substanees in the anhydrous state is very 
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violent, and frequently causes the inflammation of the phosphorus- 
base. The mixture assumes a deep-yellow colour, and on cooling 
deposits sometimes splendid uranium- yellow needles ; often, how- 
ever, it remains liquid for hours, and even for days, but suddenly 
solidifies, when touched with a glass rod, into a hard yellow 
crystalline mass, The new compound is most conveniently pre- 
pared by allowing the sulphocyanate to act upon the triethyl- 
phosphine in the presence of a considerable volume of ether. The 
product of the reaction, being difficultly soluble in cold ether, often 
separates in the crystalline state, more frequently as an oil, which 
solidifies after some time. In order to ensure perfect purity, it is 
only necessary to crystallize the compound once or twice from 
boiling ether. 

The numbers obtained in analysis characterize the new body as 
a combination of one molecule of triethylphosphine with one 
molecule of sulphocyanate of pheny] : 


C,H, 
cout P+ont S=C,,H,,N PS. 


2°°5 


The above formula is fully corroborated by the analysis of several 
well-defined salts, which will be mentioned presently. 

The yellow crystals are insoluble in water. Alcohol, both cold 
and hot, dissolves them in almost every proportion. The best 
crystals were obtained by the spontaneous evaporation of the 
ethereal solution in high open cylinders. Some of these crystals 
were so well developed, that Quintino Sella was enabled to sub- 
mit them to a detailed crystallographic examination, an abstract of 
which I here insert. 

* System monoclinic :— 


100, 001 = 61° 2’; 010, 110—=44° 27’. 
Forms observed :— 
100, 010, 001, 110 (Fig. 18). 
Combinations observed :— 
110, 001 (Fig. 19). 
110, 100, 001 (Fig. 20). 
110, 001; 100, 010 (Fig. 21). 


Fig. 18. 
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Fig. 19. Fig. 20. Fig. 21. 
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Cleavage 100 easy; cleavage 110 fibrous. 

Hardness nearly that of gypsum. 

If we endeavour to associate this compound with well-known 
bodies, in order to obtain some insight into the probable arrange- 
ment of its proximate constituents, both its formation and its 
deportment point to urea. Urea is generated by the combination 
of ammonia and cyanic acid; the yellow crystals are formed by 
the union of two compounds derived respectively from ammonia 
and cyanic acid. In urea the faculty possessed by ammonia of 
combining with acids has been preserved; the new compound 
likewise exhibits the sharply defined characters of a monacid base. 
Whatever constitution be attributed to urea, must also be claimed 
for the new base. If urea be viewed as a monacid diamine, 


(oe) 47 
CH,N,O= H, }N,, 
H 


2 


the yellow crystals present themselves as 


Cs)” 
C,,H,,NPS=  (C,H,) ' NP. 
(C,H, (C,H) 


The new compound accordingly belongs to the type urea: it 
may be viewed as ordinary urea, the oxygen of which is replaced 
by sulphur, and the hydrogen hy ethyl and phenyl, whilst 
phosphorus has taken the place of half the nitrogen. Regarded 
from this point of view, the formation of the new compound 
presents considerable interest: it offers the first example of 
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the perfect substitution of the hydrogen in urea, which had 
remained doubtful hitherto, and illustrates in a remarkable man- 
ner the persistence of the type urea under the influence of an 
almost overwhelming substitution. At the same time it deserves 
to be noticed that the corresponding oxygenated urea remains to 
be discovered. 

The new compound, as already mentioned, possesses the 
properties of a well-defined organic base. Insoluble in water, 
it dissolves with the greatest facility even in very diluted acids, 
giving rise in many cases to easily-crystallizable salts which are 
capable of double decomposition, and from which the base may be 
reprecipitated by the careful addition of potassa or ammonia. 

Chloride.—The solution of the phenyl-compound in warm con- 
centrated hydrochloric acid solidifies on cooling to a crystalline 
mass, which, when recrystallized from moderately warm water, 
furnishes splendid cadmium-yellow crystals, frequently an inch in 
length. Boiling water has to be avoided, since it decomposes the 
substance. Even the dry crystals are altered at 100°; they must 
therefore, like all the other salts of the base, be dried in vacuo over 
sulphuric acid. 

The chloride is composed according to the formula 


am | 


r (CS)” | 
CHa NPSCl= | H (C,H;). NP| Cl. 
(C,H) (CH) 


5) 


Bromide.—Both in preparation and properities, precisely similar 
to the salt previously mentioned. It contains 


(CS)” 4 
C,,H,,NPSBr= | H(C,H,). joe | Br. 
L (CH) (CoH) 


Platinum-salt.—The solution of the chloride furnishes with 
dichloride of platinum a light-yellow crystalline precipitate. 
Dilute solutions slowly deposit this salt in somewhat better-formed 
crystals, which are frequently grouped in lily-shaped aggregations. 
It was found to contain 


Cs ”, 4 
C,,H,,NPSPtCl, = | HICH) joe | Cl, PtCl.,. 
(C,H,) (CgH;) 4 
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I did not succeed in preparing the sulphate or the nitrate of the 
base. The phenyl-compound is rapidly decomposed under the 
influence of these acids ; it forms, however, beautifully crystallized 
salts with the iodides of methyl and ethyl. I have examined only 
the former of these compounds. 

Iodide-of-Methyl-compound.—When iodide of methyl is poured 
into an ethereal solution of the urea, the new compound is at once 
separated as a heavy oil which rapidly solidifies into a crystalline 
mass. The crystals dissolve in boiling water which on cooling 
‘deposits the iodide in splendid needles of a golden-yellow colour. 

These crystals contain 


CS)” 
C,,H,,NPSI= | (cH) (C,H;)o ; NP | I, 
(C,Hs) (CeHs) 

Platinum-salt of the Methyl-compound.—The chloride obtained 
by treating the iodide with chloride of silver, yields on addition 
of dichloride of platinum, an acicular platinum-salt, which may be 
recrystallized without decomposition from boiling water. Its 
composition corresponds to that of the iodide : 


(CS)” 


= 
C,,H,,N PSPtCl, = | (CH,) (CoH), ; NP | Cl, PtCl,. 
A (C,H;) (CeH;) 4 


The iodide, when treated with oxide of silver, furnishes, together 
with iodide of silver, a very caustic liquid containing the corre- 
sponding oxide. The presence in this liquid of the compound, 

OH, NPSO=UCHH(CSY"(CaHla(CoHINED o, 
is proved by the fact of the characteristic needle-shaped platinum- 
salt being immediately reproduced when it is saturated with 
hydrochloric acid and mixed with dichloride of platinum. The 
free base is, however, readily decomposed. On boiling, the odour 
of sulphocyanate of phenyl becomes at once perceptible ; if ebulli- 
tion be continued until the odour has disappeared, addition of 
hydrochloric acid aud dichloride of platinum no longer furnishes 
the difficulty soluble needles. In their place, large well-developed 
orange-yellow octahedra are deposited on evaporation, which by 
analysis were found to be the platinum-salt of methyl-triethyl- 
phosphonium. 
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The free methylated phenyl-base then simply splits, by ebulli- 
tion, into sulphocyanate of phenyl and oxide of methyl-triethyl- 
phosphonium. When the solution is boiled by itself, the sulpho- 
cyanate is separated as such; when it is boiled in the presence of 
oxide of silver, the sulphocyanate is, partly at least, destroyed, the 
alkaline solution becoming acid and exhibiting the presence of 
considerable quantities of sulphuric acid. This transformation 
clearly shows how feebly the proximate constituents are held 
together in the urea. The same instability is perceptible in the 
general deportment of the compound. Even extremely dilute 
nitric acid liberates the sulphocyanate of phenyl, whilst the 
phosphorus-base is converted into the oxide. The chloride is one 
of the more stable salts of the urea, but it is likewise readily 
altered: on addition of a large quantity of water, the solution of 
the salt becomes milky, the sulphocyanate of phenyl being sepa- 
rated in oily globules, and now contains the chloride of triethyl. 
phosphonium. On adding ammonia to the concentrated solution 
of the chloride, the urea, as already stated, is separated with- 
out change, and may be easily recovered by taking up with 
ether and crystallizing. If, on the other hand, the dilute solution 
be boiled with ammonia, the turbidity perceptible in the com- 
mencement disappears again, and after a few moments beautiful 
crystals of phenyl-sulphocarbamide are deposited, triethylphos- 
phine being simultaneously liberated : 


CS)” CS)” 
(C,H,)3 > NP+H,N=(C,H;),P+ (C,H,) > No. 
(CeH;) H 


3 


On treating the chloride with potassa, phenomena exactly 
analogous are observed; the crystals which are separated, are, 
however, diphenyl-sulphocarbamide : 


(CS)” Bab: K H 
2 [ict nP| 4 4| ol= Kl s4¥Fleo,4 Ho 
(CgH,) LH | K5 KS , H} 

(C S$)” 
+ 2[(C,H;)3P] + ato} N,. 


If a few drops of disulphide of carbon be added to the solution 
of the urea, the liquid, when gently heated, assumes a deep red 
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colour, and deposits on cooling the beautiful ruby-red crystals 
(C,H;),P,CS,, which I have mentioned in a previous paragraph of 
this paper. The mother-liquor of these crystals furnishes on 
evaporation oily droplets of sulphocyanate of phenyl. The urea, 
even when perfectly pure and dry, cannot be preserved without 
undergoing a gradual alteration. If the crystals be left under a 
bell-jar containing atmospheric air, they become dull, and at last 
moist and sticky, whilst a peculiar extremely disagreeable odour, 
distantly resembling that of hydrocyanic acid, becomes percepti- 
ble; at the same time, a delicate net-work of fine needles begins 
to appear on the glass, easily recognized as sulphide of triethyl- 
phosphine. The crystals of the urea fuse at 57°5, forming a 
yellow liquid, which, in consequence of incipient decomposition, 
resolidifies but slowly and imperfectly. At 100°, the phenomena 
just mentioned are much more distinctly observed, and especially 
the smelling body is unmistakeably perceived. The peculiar 
smelling body is likewise almost overwhelmingly produced on 
evaporating the ethereal mother-liquor of the compound. As yet 
Ihave not been able to lay hold of the possessor of this remark- 
able odour. The ethereal mother-liquor, when evaporated, leaves 
a brown syrup, which after some time deposits large crystals of 
sulphide of triethylphosphine. Submitted to distillation, this 
residue yields, together with other products, an additional quantity 
of the crystallized sulphur-compound. 

Transformations precisely similar are observed when the crystals 
of the urea, in sealed tubes, are exposed to a temperature of from 
150° to 160°. The brown fused mass which is thus formed, 
solidifies on cooling with crystalline structure; the crysta!s, how- 
ever, are no longer the original compound, but sulphide of triethy]- 
phosphine, which is surrounded by another substance. The 
examination of this reaction has not yet been completed. The 
nature of the final product of the metamorphosis may, however, 
be anticipated, in some measure, by the results obtained in studying 
the deportment of triethylphosphine with sulphocyanate of ethyl and 
sulphocyanate of ethylene, which will be briefly mentioned in some 
of the following paragraphs. 


Action of Sulphocyanate of Allyl upon Triethylphosphine.—To 
generalize the relations established in the preceding paragraph, I 
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was induced to examine the deportment of the phosphorus-base 
with oil of mustard. The two bodies act upon each other with 
extraordinary violence; the mixture turns brown, but does not 
solidify either by cooling or by agitation. After some days, how- 
ever, the syrup yields brown crystals which are difficult to purify. 
The purification of the compound succeeds, however, without any 
difficulty when the reaction is allowed to take place in ether. In 
this manner a crystalline mass is easily obtained, which requires 
only to be washed with cold ether, and then once recrystallized 
from boiling ether. 
It has the formula, 


(csy” 
C,,H,,NPS = (C,H,), ' NP. 
(C,H 5)(C; H;) 


The allyl-compound behaves in all respects like the phenyl-com- 
pound. It is insoluble in water, but easily soluble in alcohol; the 
solution has a faintly alkaline reaction. It fuses at 68° and 
solidifies at 61°. At a higher temperature, it is decomposed 
exactly like the phenyl-compound. In this case also, a peculiar, 
and if possible, still more repulsive odour is evolved, while crystals 
of sulphide of triethylphosphine separate in large quantity. 

The allyl-compound crystallizes with extraordinary facility. 
There is no difficulty in obtaining it in colourless transparent 
crystals half an inch in length, and perfectly developed on all 
sides. I scarcely remember any other organic compound that 
crystallizes so readily. The crystals, as appears from the measure- 
ments of Quintino Sella, are isomorphous with those of the 

phenyl-compound. Sella has com- 
municated to me the following details 
respecting his examination. 


‘“* System monoclinic :— 
we 100, 101 = 385° 42’; 001, 101 = 29° 3; 
010, 111 = 39° 22’. 
Forms observed :— 
100, 001, 110, 101, 201, 112 (Fig. 22). 
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Fig. 23. 
Combinations observed :— 


001, 100, 110 (Fig. 23). 

001, 101, 110 (Fig. 24). 

100, 001, 101, 110 (Fig. 25). 

100, 001, 101, 110, 112 (Fig. 26). 
100, 001, 101, 110, 201, 112 (Fig. 27). 


Fig. 24. 


The form 112 is sometimes hemihedral. 
Cleavages 100 and 001 neat, easy. 


Fig. 26. 


The optical axes are situated in the plane of symmetry, viz., 010; 
their principal medium is perpendicular to 101, and their internal 
angle is about 724°. The index of refraction of the ray vibrating 
parallel to the axis of symmetry is 8 = 1-657. 

Hardness less than that of gypsum.” 
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Platinum-salt.—I have contented myself with verifying the 
formula of the allyl-urea by the analysis of the platinum-salt, 
The allyl-compound dissolves readily in hydrochloric acid, and the 
solution, when mixed with dichloride of platinum, yields a light. 
yellow scaly precipitate having a silky lustre, which fuses to a 
yellow oil in boiling water, and is represented by the formula— 


r (CS)” ) 4 
C,oH,NPSPtCl,= | H(C,H,), xp | Cl, PtCl.,. 
~ (C,H;)(C,H;) 


The allyl-base described in the preceding pages has the compo. 
sition of sulphocyanide of triethyl-allylphosphonium. 


(CS)” CN 
(C,H,), ' NP= ((G,a,),(C,H,)P)} - 


(C,H;)(C3H; 


I felt some interest in comparing the latter compound with the 
allyl-base. Iodide of allyl acts with the greatest energy upon 
triethylphosphine. The solid product of the reaction, recrystallized 
from alcohol, furnishes splendid needles of iodide of triethyl- 
allylphosphonium, which, by analysis, was found to contain— 


[(C.Hs)3(CsH,) PII. 


Treatment with chloride and oxide of silver yields the cor- 
responding chloride and hydrate. They resemble in every respect 
the tetrethylphosphonium-compounds. The chloride gives with 
dichloride of platinum an easily crystallizable octohedral platinum- 
salt. 

The hydrate of triethyl-allylphosphonium forms with hydrosul- 
phocyanic acid a difficultly crystallizable salt which is easily 
soluble in water, and differs, as might have been expected, entirely 
from the allyl-base which has the same composition. 


Behaviour of Triethylphosphine with the Sulphocyanates of Ethyl 
and Ethylene.—I have in vain endeavoured to produce, by the 
action of triethylphosphine on the su]phocyanates of methyl, ethyl, 
and amyl, compound ureas analogous to the allyl- and phenyl- 
bodies. It is true that these substances act upon triethylphosphine 
even at ordinary temperatures; in the case of sulphocyanate of 
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methyl, indeed, the action is very brisk, but I did not succeed in 
obtaining definite compounds. Sulphocyanate of ethyl remained 
for months in contact with triethylphosphine without depo- 
siting any crystalline compound. The non-production of these 
ureas cannot, however, excite surprise, if we remember in how 
many respects, and especially in the relation to ammonia, the 
sulphocyanogen-compounds of ethyl and its homologues differ 
from those of allyl and phenyl. 

When a mixture of triethylphosphine and one of the above- 
mentioned sulphocyanates is heated for some hours in a sealed 
tube to 100°, an abundant crop of crystals of sulphide of triethyl- 
phosphine is deposited from the liquid. These crystals are sur- 
rounded by a brown viscid substance, soluble to a certain extent in 
water, easily soluble with green colour in alcohol. In order to 
disentangle from this mixture the complementary product of the 
reaction, the liquor was shaken with ether to separate the sulphide, 
evaporated with an excess of hydrochloric acid, and the residue 
redissolved in water, when a quantity of the brown impurities 
remained insoluble. The filtered solution gave with trichloride of 
gold a dingy yellow precipitate, which, by treatment with sul- 
phuretted hydrogen, reprecipitation of the separated chloride by 
trichloride of gold, &c., ultimately assumed the characters of the 
pure gold-salt of triethylphosphonium which was identified by 
analysis. The beautifully orange-yellow platinum-salt was likewise 
analysed. 

The action of sulphocyanate of ethyl upon triethylphosphine 
may be accordingly represented by the equation : 


CN H 
CH, t S + 20(CaH,).P] + yt O = (CoH,)aPS + 


(CHET o + Hoy. 


I have not been able to trace directly the hydrocyanic acid which 
figures in this equation, but this acid appears unmistakeably in its 
products of decomposition. The brown substance, which accom- 
panies the sulphide of triethylphosphine and the hydrate of 
tetrethylphosphonium, is rich in nitrogen: boiled for some time 
with hydrochloric acid, it yields abundance of chloride of ammo- 
nium. 


I have likewise examined the behaviour of disulphocyanate of 
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ethylene with triethylphosphine. The reaction takes place 
with energy at ordinary temperatures. When triethylphosphine 
is poured into a concentrated alcoholic solution of sulphocyanate of 
ethylene, the liquid immediately solidifies to a dazzling white crys- 
talline mass of sulphide of triethylphosphine. It deserves to be 
noticed that the same decomposition takes place also when the 
substances are allowed to react in presence of anhydrous ether. 
The transformation which the sulphocyanate of ethylene under- 
goes under the influence of triethylphosphine is perfectly analogous 
to the change of the ethyl-compound when submitted to the same 
agent. Instead of a derivative of tetrethylphosphonium, the sulpho- 
cyanate of ethylene produces the cyanide of a diatomic metal, of 
ethylene-hexethyl-diphosphonium : 


3" rs, + 4[(C,H,),P] = 2[(C,H,)3PS] + 


saphcciiies Triethylphos- Sulphide of 
of ethylene. phine. triethylphos- 
phine. 


[ (Cy By ic }*p "C,N. 
sian of oa -hex- 
ethyl-diphosphonium. 


Owing to the low temperature at which the reaction is accom- 
plished, the hydrocyanic acid is not changed in this case, and may 
be recognised without difficulty by the ordinary reagents. The 
diphosphonium, which is simultaneously formed, was traced as 
platinum-salt, exactly in the same manner as the tetrethylphos- 
phonium in the process previously mentioned. The product of 
the reaction, freed as far as possible from the sulphide by repeated 
evaporation and ultimately by treatment with ether, was precipi- 
tated by dichloride of platinum. The dingy platinum-salt was 
purified by treatment with sulphuretted bydrogen and reprecipita- 
tion. Repeatedly treated in this manner, it assumed the character 
ofa pure compound, which on analysis gave numbers closely 
agreeing with the formula, 


[(c.H,)” c CHY P| Cl, 2PtCl,. 


Since I shall have to give a detailed account of the diphospho- 
nium-compounds in one of the following sections of this inquiry, I 
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need not for the present enter into further particulars regarding 
this reaction. 

In concluding this paragraph, I may append a few remarks upon 
the deportment of sulphocyanate of triethylphosphonium under the 
influence of heat. This salt is readily procured by dissolving 
triethylphosphine in hydrosulphocyanic acid. Submitted to the 
action of heat, it is partly volatilized without decomposition: the 
greater portion, however, is decomposed, sulphide and the disul- 
phide-of-carbon-compound of triethylphosphine, together with free 
disulphide of carbon, appearing among the volatile products of the 
reaction, while a brown ill-defined substance remains in the 
retort, yielding when treated with an alkali, an appreciable quan- 
tity of ammonia. I have not examined this change in detail, but 
itis obvious that one of the direct products of the reaction is 
sulphocyanate of ammonium, the further decomposition of which 
explains the appearance of the disulphide of carbon as well as the 
other products observed. The residue, of course, must contain 
the varied compounds generated by the action of heat on sulpho- 
cyanate of ammonium. 


Behaviour of the Arsines and Stibines with the Sulphocyanates of 
Phenyl and Allyl.—The facility with which the compound ureas 
containing nitrogen and phosphorus are formed, induced me to 
attempt the production of analogous compounds with arsenic or 
antimony in place of phosphorus. I therefore treated sulphocyanate 
of phenyl and oil of mustard successively with triethylarsine and 
triethylstibine, first at ordinary and then at gradually increasing 
temperatures in sealed tubes. But not one of these experiments 
led to the expected result. The arsines and stibines differ, indeed, 
in their chemical character, much more from ammonia than the 
phosphines. Their incapability of forming saline compounds with 
acids is alone sufficient to render the formation of ureas containing 
arsenic and antimony somewhat improbable. When mixtures of 
triethylarsine with sulphocyanate of phenyl on the one hand, and 
sulphocyanate of allyl on the other, were left to stand for some 
time at ordinary temperatures, the liquid in both cases was found 
to be traversed by a small quantity of beautiful needle-shaped 
crystals. The crystals from both mixtures were found to be the 
same; they were readily identified with the beautiful needles 
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which are gradually formed in triethylarsine when left in contact 
with atmospheric air. 


Behaviour of Triethylphosphine with Cyanates.—The formation 
of sulphuretted ureas containing phosphorus and nitrogen led me 
to try whether the corresponding oxygen-compounds could like- 
wise be produced. 

When cyanate of phenyl is mixed with the phosphorus-base, 
great heat is evolved, indicating a marked chemical reaction. The 
mixture on cooling solidifies into a mass of shining crystals which 
are insoluble in water, nearly insoluble in ether, and dissolve with 
difficulty even in boiling alcohol. By recrystallization from the 
last-mentioned solvent, the new body is easily obtained pure. The 
further examination of the resulting crystals proved, however, that 
they by no means consisted of the compound urea of which I was 
in search. From the analysis, which I intend to give in connexion 
with other researches, it appeared that the crystals still possessed 
the composition of cyanate of phenyl, that, indeed, they were 
cyanurate of phenyl. The triethylphosphine in this case appears to 
induce nothing more than a new molecular disposition of the 
elements in cyanate of phenyl. The peculiar character of this 
metamorphosis may be perceived inthe most beautiful manner 
by dipping a glass rod moistened with triethylphosphine into a 
considerable quantity of cyanate of phenyl. The liquid imme- 
diately becomes hot, and solidifies after a few seconds into a 
shining crystalline mass of the cyanurate. 

Similar results were obtained by the action of the phosphorus- 
base on cyanate of ethyl. The two bodies may be mixed without 
evolution of heat, and the mixture does not solidify ; but the trans- 
formation is soon indicated by the diminution of the penetrating 
odour of the cyanate. If, as soon as the odour has disappeared, 
the liquid be mixed with dilute hydrochloric acid, whick removes 
the free phosphorus-base, the oil which floats on the surface 
quickly solidifies into a solid crystalline mass which, when recrys- 
tallized from boiling water, exhibits all the properties of cyanurate 
of ethyl—When a stream of cyanic acid gas is passed through 
triethylphosphine, the odour of the acid disappears, while the 
phosphorus-base becomes turbid, and yields a white deposit of 
cyanuric acid. 

In connexion with these experiments, I have had occasion to 
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convince myself that cyanic acid gas and phosphoretted hydrogen 
do not act upon one another, at least at ordinary temperatures. —I 
was anxions to ascertain whether the peculiar action of the phos- 
phorus-base on the cyanates extended likewise to the cyanides. I 
found, however, that cyanide of methyl (acetonitrile) or cyanide of 
phenyl (benzonitrile) may be left for days in contact with the 
phosphorus-base at temperatures varying from 100° to 150°, without 
experiencing the slightest alteration. Had these substances been 
changed under the above conditions, like the cyanates, their trans- 
formation into methyl- and phenyl-compounds corresponding to 
cyanethine might have been expected. 


Experimenis in the Methyl-series—Thg information which I 
have collected with reference to the phosphorus-compounds, has 
been almost exclusively obtained by the study of triethylphos- 
phine. In exceptional cases only have I worked in the methyl- 
series. Trimethylphosphine, on account of its volatility, is much 
less easily prepared than the ethyl-compound, and especially 
much more difficult to preserve. This body is oxidized with such 
rapidity, that it disappears from the hand of the operator during 
manipulation. Its odour, moreover, is insupportable for any length 
of time. 

Nevertheless, I have made a few experiments with the methyl- 
compound, a slight sketch of which may form the conclusion of this 
paper. 

The phosphorus-derivatives of the methyl-series exhibit the most 
perfect analogy with the corresponding ethyl-compounds. 

Oxide of trimethylphosphine produces with iodide of zinc, with 
dichloride of platinum, and with trichloride of gold, the homologues 
of the several compounds obtained from the oxide of triethylphos- 
phine. 

When trimethylphosphine, either pure or dissolved in alcohol 
and ether, is submitted to the action of disulphide of carbon, 
all the phenomena are reproduced which I have mentioned at some 
length in describing the corresponding ethyl-base. The red crys- 
tals which are formed are somewhat paler, much more volatile, and 
much more readily altered. The disulphide-of-carbon-compounds of 
the methyl- and ethyl-series exhibit in their properties the same 
relation which obtains between the sulphides of the two series. 

¥2 
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The formula 
C,H,PS, = (CH,),P, CS, 


was established by analysis. 

The red crystals are changed with the utmost facility into sul- 
phide of trimethylphosphine. In the hope of forming fine crystals, 
similar to those obtained with the ethyl-compound, a solution of 
the red crystals in warm ether was allowed to cool in a tall open 
cylinder. When the solution was examined next morning, it had 
become colourless, leaving, upon spontaneous evaporation, the 
beautiful crystals of the sulphur-compound. 

The sulphocyanates of phenyl and allyl readily combine with 
trimethylphosphine. ‘Mhe reaction is even more powerful than 
with the ethyl-base. The urea-body, which trimethylphosphine 
produces with sulphocyanate of phenyl, is a liquid which I have not 
been able to obtain in the solid state. Directly prepared from the 
constituents, or separated from one of its crystalline salts, it forms 
a slightly coloured oily liquid, soluble in water, difficultly soluble 
in ether, readily soluble in alcohol. On adding concentrated 
hydrochloric acid to the oil, it gradually solidifies to a crystalline 
mass of sulphur-yellow delicate, hair-like needles, which may be 
recrystallized both from water and from alcohol. I have fixed the 
composition of this phosphoretted urea by a chlorine-determina- 
tion in a chloride of the composition, 


r 8)” . 
nat ional ier (C Hs) NP|Cl. 
H,)(C,H;) 


(CH) 


ss 


The brown liquid which is formed, with considerable evolution 
of heat, when trimethylphosphine is brought in contact with 
mustard oil, gradually deposits well-formed transparent colourless 
prisms, the habitus of which resembles that of the corresponding 
ethyl-compound. The crystals were not analysed, but there can be 
no doubt that they were the methylated phosphorus-urea of the 
allyl-series : 

(C S) “ 
C,H,,N P= (CH), ; NP. 
(CH;) (C,H,) 
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Phosphoretted hydrogen is without action on the sulphocyanates 
of phenyl and allyl. 

In conclusion, I beg to thank Drs. A. Leibius and M. Holz- 
manu for their assistance in some of the experiments connected 
with this inquiry. 


XXVI.—On the Discrepancies in the Statements of Pelouze and 
F. Mohr, respecting the Solubility of Gallotannic Acid in Ether. 


By Proressor Bouuey. 


For the extraction of tannic acid from coarse gall-nut powder, in 
his “‘ Displacement Apparatus,” Pelouze recommends the use of 
ordinary, not absolute, ether. The liquid which then runs off, 
separates into two layers, the lower of which is thickish, while 
the upper is mobile and less coloured. The lower liquid contains 
the tannic acid, and is regarded by Pelouze as a solution of tannic 
acid in water ; the upper liquid is stated to be ether, holding in 
solution small quantities of tannic acid, colouring matter, &c. 
Mohr, in his commentary on the Prussian Pharmacopeia, 
decidedly contradicts this statement. His view of the matter has 
found its way into most Manuals of Chemistry, articles in Chemical 
Dictionaries, &c., and is generally received as correct. He regards 
the lower stratum of liquid above-mentioned as a concentrated 
solution of tannic acid in ether, and the upper, as ether which has 
dissolved only a small quantity of tannic acid. The two layers, 
he maintains, are not soluble one in the other. If this be so, it 
affords another example of a condition hitherto known to exist 
in one instance only (that of coniine), in which the solution of a 
body in a certain solvent is not diluted by contact with that same 
solvent. In spite of this anomaly, Mohr’s statement has been 
adopted without experimental verification. Mohr rests his view 
on an experiment described by himself. On treating tannic acid 
with anhydrous ether, he obtained the thickish layer already men- 
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tioned, and above it there floated a stratum of ether, containing 
only a small quantity of tannic acid. 

I have likewise examined this peculiar phenomenon. I find that 
anhydrous ether (previously decanted several times over chloride of 
calcium, boiling at 34°9°C., and having a specific gravity of 0°724 
at 11:25°C.), takes up but a very small quantity of tannic acid, 
indeed scarcely any (0°206 p. c. at 5° C.), while the greater part of 
the tannic acid remains in the liquid in the form of a dry compact 
powder. On mixing the ether with half its volume per cent. of 
water, the thickish liquid is formed. The ether—the upper layer 
—when mixed with a little water, takes up rather more tannic 
acid than the anhydrous ether. I find that the upper layer—pure 
ether with 1 vol. p. c. of water—takes up 1.2 p. c. tannic acid. 

This result appears to confirm Pelouze’s view. It is not how- 
ever true that the syrupy layer is a concentrated aqueous solution 
of tannic acid. On carefully removing a portion of this liquid, so 
that none of the upper stratum may mix with it, introducing it into 
a retort, and distilling with good condensation, considerable froth- 
ing takes place at first, and ether passes over, followed by water, 
the two liquids forming layers of equal depth in a cylindrical 
receiver. 

If a little water be added to these two liquids, a third layer is 
formed, which rests between the two, and is therefore insoluble 
both in ether and in water. This behaviour appears to me to 
render probable the existence of a chemical compound of tannic 
acid, ether, and water, possibly an acid ethyl-salt constituted like 
ethyl-sulphuric acid, that is to say, a tannate of ether and water. 

There is a practical deduction from these experiments which 
deserves to be mentioned. The behaviour of pulverized and well 
dried tannic acid to ether, is so peculiar that it may be used asa 
test of the presence of water in that liquid. In anhydrous ether 
the powder remains quite unaltered, but in hydrated ether it cakes 
together or deliquesces to a thickish syrup, according to the 
amount of water present, and the quantity of tannic acid added. 
Very small quantities of tannic acid give a distant reaction. 
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XXVII.—On the Colouring Matters of Persian Berries, and on 
certain general relations of Yellow Vegetable Dyes. 


By Proressor Bouuey. 


Tae chemical investigations hitherto published respecting Persian 
Berries (Yellow berries, graines d’ Avignon, Krautzbeeren) may be 
epitomized as follows :— 

Kane* distinguishes two colouring matters : (a). Chrysorhamnin, 
a yellow substance which may be extracted by ether, crystallizes 
in needles, is nearly insoluble in cold water, but easily soluble in 
ether. It contains, according to the mean of two analyses, 58-02 per 
cent. of carbon and 4°70 p. c. hydrogen, and is said to be decom- 
posed by solution in hot alcohol or water and boiling of the solu- 
tion, yielding another colouring matter (b), called Xanthorhamnin, 
which is soluble in water and alcohol, but insoluble in ether, and 
when dried at 320° F. contains 52°55 C. and 5°15 H. 

Gellatly+ obtained, with ether, neither chrysorhamnin nor any 
other characteristic substance, but with alcohol he obtained a 
yellow substance, crystallizing in needles, easily soluble in water, 
whether cold or hot, insoluble in ether and containing (when dried 
at 100° C.) 52°10 % C. and 5°78 H. This body he regarded as 
xanthorhamnin in a tolerably pure state. It is decomposed by 
heating with dilute sulphuric acid, yielding, together with glucose, 
abody called Rhamnetin, soluble in water, alcohol, and ether, and 
containing 59°41 9% C. and 4°38 H. 

Hlasiwetz,} in his paper on quercitrin, makes some observations 
on Gellatly’s experiments, chiefly, however, with reference to the 
elementary analyses. The nature of his suggestions may be under- 
stood from the following table :— 

Percentage of carbon and hydrogen in 


Quercitrin at 100° 
according to Bolley (1841) Kane's Gellatly’s 
according to Hlasiwetz (1859) Xanthorhamnin. Xanthorhamnin. 


C = 52°49 52.55 52°10 


H = 5:08 5°15 5°78 


Rigaud’s Gellatly’s 
Quercetin. Chrysorhamnin. Rhamnetin. 


C = 59°23 58°02 59°41 
H= 413 4°70 4°38 
* Phil. Mag., July, 1848, p. 3. + Edinb. New Phil. Jour. vii, 252. 
t Ann. Ch. Pharm. cxii, 96. 
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Hlasiwetz regards xanthorhamnin as identical with quercitrin, 
and rhamnetin as identical with quercetin, but he has not made 
any original researches on Persian berries. 

With the view of clearing up some of the above-mentioned dis- 
crepancies, I have likewise made an investigation of Persian 
berries. In the first place I must observe that I obtained an 
abundant extract with crude ether (this may perhaps explain the 
differences between the statements of Kane and Gellatly). This 
extract, after the ether had been evaporated, the residue taken up 
by alcohol, the solution filtered, and the alcohol evaporated, with 
addition of water,—yielded stellate groups of yellow needles, which 
were not altered by repeated solution, boiling and precipitation. 

I analysed two different portions of this substance, and obtained 
from the one 


C = 58°87 per cent. 
H= 466 ,, 


and from the other which was dried for a longer time at about 
120°C. 


C = 60°239 per cent. 
H= 418 , 


These crystals are somewhat soluble in pure ether, sparingly in 
water, easily in alcohol. Their solution gives with neutral acetate 
of lead, a brick-red precipitate ; with nitrate of silver, a blood-red 
liquid, and afterwards reduced silver. I found some time ago 
that the lead precipitate is peculiarly characteristic of quercetin, 
and I have now to make a similar observation respecting the silver 
reaction: quercetin behaves both with lead and with silver solutions 
precisely"in the manner just described. The crystallized colouring 
matter which I obtained by the above process is beyond all ques- 
tion identical with quercetin. The peculiar interest of this fact is 
that it demonstrates the pre-existence in a vegetable substance of 4 
product of the decomposition of quercitrin. 

Chrysorhamnin (which Gellatly did not obtain) is perhaps the 
same as quercetin; but, from the preceding observations, it 
appears doubtful whether this body can easily decompose and 
yield a substance like that which Kane describes under the 
name of xanthorhamnin. If therefore, as Hlasiwetz sup- 
poses, rhamnetin is identical with quercetin, it follows that 
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decomposition is not necessary to the production of rhamnetin. 
Or may it not be possible that this decomposition takes place 
spontaneously in some kind of yellow berries? Several varieties 
of these berries are in fact distinguished according to their 
appearance and their origin. This assumption, which is by no 
means improbable, may perhaps serve to reconcile some of the 
contradictions in the statements of Kane and Gellatly. 


XXVIII.—On a hitherto unobserved source of Paraffin. 


By Proressor Bou.ey. 


Masszs of naturally separated paraffin have been found in deposits 
of rock-oil, e. g., at Borystow inGallicia; and Ozokerite, Scheererite, 
Idrialin, &c., afford proof that hydrocarbons differing considerably 
in melting point and chemical composition occur ready formed in 
nature; but paraffin, which occurs in tar and in certain mineral 
substances used for the production of heat and light, has hitherto 
been regarded as a product of the action of heat. 

In the Technical Laboratory of the ‘Swiss Polytechnic School, 
researches are at present being made on certain kinds of coal used 
for the production of illuminating gas; and one result of these 
researches, easily detached from the rest, 1 am now about to 
communicate. 

Boghead shale—which, according to Geppert, is not a true 
coal— has been examined by several chemists, with reference to 
the quantity and composition of the residue which it leaves when 
heated, and the nature of the volatile products. I have endea- 
voured to ascertain the nature of some of its proximate constituents 
by exhausting them with various reagents. A kilogramme of 
pulverized Boghead cannel coal yielded to alcohol 2°14 parts of 
solid extract residue ; and to ether, after drying, 2°63 pts. The 
alcoholic extract presented less interest than that obtained with 
ether, which was unctuous to the touch and not very deeply coloured. 
I found that it could be redissolved in ether, and decolorised by 
agitation with animal charcoal. After this treatment, however, 
the residue exhibited by elementary analysis a quantity of oxygen 
amounting to 11 per cent., and gradually turned yellowish when 
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heated for some time in the water-bath above its melting point, 
It sustained a slight loss by boiling with soda-lye, and the undis. 
solved portion melted at 41° C, remained colourless when heated, 
solidified in crystalline laminz, was insoluble in water, sparingly 
soluble in alcohol, somewhat more soluble in ether. The analysis 
of this residue gave 


Carbon. . . . . 86°33 per cent. 
Hydrogen. . . . 18°32 - 


99°65 


The melting point of paraffin was found by Reichenbach to be 
43°C. We know, however, that different samples of paraffin, both 
natural and artificial, melt, some at higher, some at lower points, so 
that this circumstance need not prevent us from regarding the 
substance in question as paraffin. 

To me it appears probable that paraffin exists, as such, in 
several of the materials from the distillation-products of which it 
has hitherto been prepared, such as peat, shale, lignite, &c., and 
the process of separation just described affords a convenient method 
of testing such substances with reference to their utility for the 
preparation of paraffin, which has hitherto been done extlusively 
by dry distillation. 

I must further remark, that from two sorts of coal which I 
examined in this way, I obtained, not paraffin, but extracts more 
of the nature of asphalt. It is commonly stated that the non- 
existence or the rarity of occurrence of paraffin in coal-tar is 
attributed to the great heat employed in the distillation. May 
it not rather be due to the fact that true coal does not contain 
paraffin ready formed, and therefore cannot yield a tar containing 
paraffin ? 
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XXIX.—Note of the Action of Chloride of Ethyl upon Ammonia. 
By CuarLtes Epwarp GRoves. 


Ir has often struck me as remarkable, that while the deportment of 
ammonia with the bromide and iodide of ethyl had been so 
carefully studied, the action of this substance upon the chloride of 
ethyl should scarcely have been noticed. Although the difficulty 
of manipulating so volatile a substance as chloride of ethyl promised 
but little advantage in the practical preparation of the ethyl 
bases ; it appeared nevertheless desirable to examine the reaction, 
in order to complete the history of the formation of these substances. 
When chloride of ethyl sealed up in stout glass tubes with about 
three times its bulk of alcoholic ammonia— formed by nearly 
saturating alcohol with dry ammonia— was digested for six or 
seven hours at the temperature of 100° C., a large quantity of a 
white crystalline substance was deposited in the tubes, apparently 
consisting of chloride of ammonium. The tubes were then opened 
and the contents thrown on a filter, the white crystalline powder 
washed with absolute alcohol; and the filtrate evaporated to dryness 
on the water-bath, to expel alcohol and excess of ammonia. The 
residue was then dissolved in water, filtered, and submitted ina 
retort to the action of an excess of oxide of silver, in order to set 
free the bases formed during the reaction. On heating the mixture, 
the whole of the volatile bases passed over. The residue in the 
retort, consisting of oxide and chloride of silver, together with the 
hydrated oxide of a non-volatile ammonium-base, was thrown on 
a filter and washed with water until the washings were no longer 
alkaline. The filtrate neutralized with hydrochloric acid, evaporated 
toasmall bulk on the water-bath, and filtered, yields with bichloride 
of platinum, a yellow crystalline precipitate, which was washed with 
a small quantity of cold water and recrystallized from boiling water. 

0-185 grammes of substance yielded 0°0545 grammes of pla- 
tinum; this shows a percentage of platinum equivalent to 29°4 per 
cent. The formula— 

(C,H,),NCI1PtCl, 


requires 29°44 per cent. of platinum. The non-volatile base pro- 
duced in the reaction between chloride of ethyl and ammonia, is 
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therefore, as might have been expected, the hydrated oxide of 
tetrethylammonium. The alkaline distillate, containing the volatile | 
portion of the bases was neutralized with hydrochloric acid, 
evaporated to a small bulk on the water-bath, and precipitated 
with an insufficient quantity of bichloride of platinum. The 
precipitate, consisting of thin crystalline hexagonal plates, was 
recrystallized from a small quantity of water, to which it was found 
convenient to add a few drops of alcohol, the salt being rather 
insoluble in dilute alcohol. 


0:235 grammes of substance gave 0:092 of platinum. 


The formula— 
[(C,H,;) H,N] Cl, Pt Cl, 


requires 39°29 per cent. of platinum and the analysis gave 39.15 
per cent. 

This result shows the existence of ethylamine among the volatile 
products of the action of chloride of ethyl upon ammonia. 

By successive partial precipitations and recrystallizations, a con- 
siderable quantity more of the platinum-salt of ethylamine was 


separated; until atlast avery small quantity of another and more 
soluble salt was deposited from the mother-liquors. After a single 
recrystallization, which was all that was possible, owing to the 
amount being so small, it was dried and analysed; and although 
some crystals of the ethylamine platinum-salt could be discerned 
by the microscope, it gave results which approximated closely with 
the theoretical percentage of the diethylamine platinum-salt. 


0°170 of substance gave 0°062 of platinum ; 


this gives a percentage of 36°47 of platinum. 


The formula— 
[(C,H,) ,H, N] Cl, PtCl, 


requires 35°35 per cent of platinum. The above platinum deter- 
mination might also represent a mixture of the salt of ethylamine 
and triethylamine ; but the compound analysed, although more 
soluble in water than the ethylamine-salt, was not nearly s0 
soluble as the salt of triethylamine ; moreover the latter substance 
is easily recognised by its crystalline form. In addition to the 
salts above mentioned, a small quantity of triethylamine was, 
in all probability, present among the products of the reaction of 
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chloride of ethyl upon ammonia ; but owing to the small proportion 
in which it existed, and the known solubility of its platinum- 
compound, I have not been able to establish its formation by 
experiment. 

The following equations represent the action of chloride of ethyl 
upon ammonia :— 


H,N + C,H,Cl = [(C,H,),H,N] Cl 
2H,N + 2C,H,Cl = [(C,H,),H,N] Cl+ H,NCl 
4H,N + 4C,H,Cl = [(C,H,), N] Cl + 3H,NCI. 


The experiments which I have described show a marked 
difference in the action of the chloride when compared with that 
of the bromide and iodide of ethyl. The chloride of ethyl produces 
almost exclusively the chloride of ethylammonium, together with 
small quantities of the chlorides of diethylammonium and tetrethyl- 
ammonium. ‘The bromide of ethyl, according to the experiments 
of Dr. Hofmann, gives chiefly the bromide of ethylammonium, 
but also very appreciable quantities of the bromides of diethyl- and 
triethylammonium, with but a small proportion of the tetrethyl- 
ammonium-compound ; and lastly, the iodide produces the three 
volatile bases in about equal proportions, but generally very appre- 
cable quantities of the tetrethyl-ammonium-compound. 

The above experiments were performed in the Laboratory of 
Dr. Hofmann. 


XXX.—On the Crystalline Form of Metallic Chromium. 


By Proressor Bou.uey. 


Tue preparation of sesquichloride of chromium and of crystallized 
metallic chromium by the methods recently given by W ohler,* is 
very easy. I entrusted the preparation to one of the students in 
ny laboratory, who obtained a product exhibiting the colour and 
lustre of the crystalline powder described by Wéhler. Wéhler 
says of this substance—“ It exhibits, even with a magnifying power 


* Leichte Darstellungsweise des metallischen Chroms. (Ann. Ch. Pharm. cxi, 
2380.) 
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of 50, crystalline aggregations having the form of fir-branches 
interspersed with very beautiful Rhombohedrons of great lustre and 
nearly tin-white colour.” I have examined the crystalline mass 
with a magnifying power of 85, and have found that it contains 
numerous fir-shaped arboresences such as Wohler describes, 
But it was immediately apparent that the loose crystals dispersed 
through the mass were referable, not to rhombohedral but to 
octohedral primary forms. These crystals are very frequently 
united in groups of four, in the shape of a cross, but the small- 
ness of the crystals precluded 
the possibility of measurement, 
My colleague, Professor K enn. 
gott, has had the goodness to 
determine the form of these 
crystals, and finds that they 
are octohedrons belonging to 
the quadratic system. They 
are for the most part octagonal 
pyramids p, p, combined with 
a more acute pyramid s, and 
a more obtuse pyramid o. The 
p-faces are very deeply stri- 
ated ; the o-faces very smooth 
and shining. 

It is well known that the crystalline forms of the metals 
belong chiefly to two systems, the ductile metals crystallizing in the 
tesseral, the brittle metals in the rhombohedral system, while 
some are dimorphous, and exhibit forms belonging to both these 
systems. Hitherto ¢in is the only metal known to crystallize in 
another system, viz., the quadratic. Boron likewise, according to 
Quintino Sella,* crystallizes in the quadratic system. 

Chromium affords, therefore, the third example of an elementary 
body, differing from most others in its crystalline form. It follows 
also from these observations, that although certain compounds of 
chromium are isomorphous with the analogous compounds of iron, 
this isomorphism does not exist in the metals themselves. 


* Sulle forme cristalline di alcuni sali di platino e del Boro adamantino, pat 
Quintino Sella. Torino, 1857. 
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XXXI.— On a new Lead-sali, corresponding to Cobalt-yellow. 
By 8S. D. Hayes, Epinpurcu Universiry. 


Ix the course of some investigations on the cobalto-cyanide com- 
pounds, I was obliged to use a quantity of cobalt-yellow, the 
pigment discovered by M. Saint Evre, in 1852.* All the 
methods described for preparing this salt are very tedious, so that 
it became an object to find a more ready means. The best method 
hitherto given, is to precipitate a solution of nitrate of cobalt 
with an excess of potash; then by passing a current of deutoxide 
of nitrogen (NO,) through the mass, the cobalt-yellow is obtained : 
but the greater part of the deutoxide passes through without being 
absorbed ; the experiment requires hours; and the amount of salt 
obtained is very small. 

As the composition of this body is considered doubtful, it 
occurred to me that it might be made from peroxide of nitrogen 
(NO,), and after a few trials I obtained it very readily, in large 
quantities, and found that all the cobalt contained in a solution may 
thus be converted into cobalt-yellow. Two bottles, connected and 
supplied with funnel tubes, are about half filled with a solution of 
nitrate of cobalt, to which potash, slightly in excess, is added. 
On passing a brisk current of peroxide of nitrogen through the 
liquid, the mass in the first bottle soon changes colour, and the 
pigment begins to fall; by adding small quantities of potash, 
occasionally, through the funnel-tubes, all the cobalt may be 
removed. The peroxide of nitrogen is most readily prepared by 
allowing a current of the deutoxide, produced from copper and 
nitric acid, in a small flask, to mix with a current of common air 
from a gasometer, in a dry empty bottle, before passing into the 
cobalt-solutions. The current of air can be regulated at the 
gasometer, and the flask for generating the deutoxide can be easily 
removed and replenished when necessary. A solution of the car- 
bonate may be used instead of caustic potash, for precipitating 
the cobalt-solutions, with the same results. 

A. Stromeyer, when working upon this salt, endeavoured to 
obtain an analogous body with lead; he succeeded in getting a 


* Ann. Ch. Phys., [3],xxxviii, 177. 
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yellow solution by means of nitrite of potash and acetic acid, in a 
solution of lead, but he then added cobalt which gave a pre- 
cipitate.* 

On treating a solution of nitrate of lead with potash, and passing 
a current of peroxide of nitrogen through the liquid, precisely as in 
making the cobalt-yellow, I found that all the peroxide was 
absorbed, and as the oxide of lead disappeared, the solution 
became very yellow. Evaporating and crystallizing this, | 
obtained large yellow prismatic crystals; nitrate of potash crystal- 
lizes at the sametime, and if the peroxide of nitrogen has been 
passed through the lead too long, nitrate of lead is formed. 

The yellow salt was easily separated and recrystallized. The 
bases were determined as sulphates, in the analyses, with the 
following results :— 


I. 0°7462 grms. pure salt gave 0°4200 grms. sulphate of lead and 
0:0097 grms. lead = 0°319493 grms. oxide of lead, and 0'2472 
grms. sulphate of potash = 0°133545 grms. potash. 

II. 1:4590 grms. gave 0°6387 grms. oxide of lead and 0°25931 
grms. potash. 

III. 1:0271 grms. gave 0°43745 grms. oxide of lead and 0-188] 
grms. potash. 


The nitrogen was determined as gas, metallic copper reduced 
from the fine oxide, being used in the combustion tube with a 
little oxide at the fore end. The gas was collected and washed in a 
small apparatus, then transferred to the eudiometer, where it was 
measured. 


I. 0°1926 grms. salt, gave 45°6277 cubic centimeters nitrogen 
at temperature 6:0°C. ; and pressure 277°5 millimeters = 16°30cc., 
at 0°C. and 760 mil. pressure, = 0°204822 grms. 


II. 0°1958 grms. gave 16°23 cc. at 0°C. and 760 mil. pressure, 
= 0°225983 grms. 
The water was determined by combustion with metallic copper. 
I. 0°7834 grms. gave 0°0274 grms. water. 
II. 09145 grms. gave 0°0314 grms. water. 
III. 0°4735 grms. gave 0°0177 grms. water. 
* Ann. Ch. und Pharm., xcvi, 228. 


CORRESPONDING TO COBALT-YELLOW. 


I, II. III. 
Oxide oflead . . . 42°81 43°08 42°59 
Potah . . . . . 1790 17°77 1831 
Nitrogn . .. . 10°63 - 10°35 
i 3°43 3°73 
Oxygen by difference 25°16 “ 25°02 


—— 


100°00 10000 


The above analyses correspond to the following calculated 
formula :— 
PbO .. . 111°56 42°98 
EO wos OO 18°10 
Beets » Se 10°78 
ee 64-00 24°67 
ae ae 9-00 3°47 


259°56 100°00 


As this salt crystallizes out with nitrate of potash, it is of about 
the same degree of solubility, in either hot or cold water, and the 
solution may be boiled for some time without any decomposition, 
but it is readily decomposed by sulphuric, hydrochloric, or nitric 
acid, giving off red fumes. With the common reagents, it acts 
like nitrate of lead, but with a solution of sulphate of cobalt, it 
gives cobalt-yellow, which goes down with the sulphate of lead. 
It loses its atom of water at 100°C., but if the temperature be raised 
afew degrees higher, the red fumes come off abundantly. The 
crystals are of a bright yellow colour, and remain unaltered in the 
air. 

I am not yet prepared to give my salt any decided rational 
formula, but its composition may be expressed in several ways as 
below. When 2NO, is passed over 2KO, we get KONO, and 
KONO,, two distinct salts; but if 2NO,, be passed over CoO and 
KO, as in the case of cobalt-yellow, or over PbO and KO, as in 
this salt, we get only one salt of a double composition, which we 
may write in like manner: 


KONO,, CoONO,, or 
KONO,, PbONO, + HO. 


But there is an objection to this, as cobalt-yellow is almost 
VOL. XIII. Z 
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insoluble in water. These salts may also be looked upon as double 
peroxides, in which two equivalents of oxygen have been replaced 
by two equivalents of NO,, thus 


PbO, NO, 
KO, NO,S 


but from the nature of the salts I hardly think that NO, exists in 
them. However Gmelin describes a salt to which he gives the 
formula 2PbO, NO,, aq.,* and we express the composition of these 
salts, just as well, by writing them thus, 


+HO; 


KONO,, CoONOQ,; or 
KONO,, PbONO,+ HO. 


This subject will be pursued, and I hope to get several other 
salts, which must give some reactions that will lead to the right 
rational formula. 

These experiments were made in the laboratory of the Edin- 
burgh University. 


XXXII.—On the Electrolytic Test for Arsenic, and on the Presence 
of that Metal in certain Reagents. 


By Cuartes L. Bioxam. 


In a former communication upon this subject which I had the 
honour of presenting to the Society,+ it was shown that when 2 
solution containing arsenious acid is mixed with diluted sulphuric 
acid and subjected to the action of the voltaic current, arseniuretted 
hydrogen is evolved at the negative terminal, and that in this way 
very minute quantities of arsenious acid can be detected with great 
certainty, even in the presence of large quantities of organic 
matter, and without adding any material to the liquid which 
would interfere with its examination by other analytical processes. 
It was also stated that arsenic acid did not respond to this test, 
and that the presence of mercury in the liquid interfered very 
materially with the detection of the arsenic. 


* Handbuch. Bd. 3, s. 142. 
+ See page 12 of this volume. 
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It is the object of this paper to show how arsenic acid may be 
brought within reach of this test, how the interference of mercury 
may be prevented, and how all chance of error due to the evolution 
of antimoniuretted hydrogen may be avoided. 

The form of apparatus recommended in the previous notice 
admitted of some obvious improvements. A tube-funnel has been 
added, to permit the introduction of the liquid to be tested, and 
the platinum: wires communicating with the battery have been 
replaced by broad strips of platinum foil. 

If arsenious acid be converted into arsenic acid by boiling with 
hydrochloric acid and chlorate of potassa, and the solution be 
poured into the diluted sulphuric acid during the passage of the 
current, no arseniuretted hydrogen is evolved; but if a few drops 
of solution of sulphurous acid or of bisulphite of soda be poured 
down the funnel-tube, a greenish yellow iridescent crust of tersul- 
phide of arsenic is almost immediately deposited at a little distance 
beyond the heated portion of the tube, and is followed, in most 
cases, by the usual mirror of metallic arsenic. 

Since arsenic acid is reduced with great difficulty by sulphurous 
acid at the ordinary temperature, it appeared probable that the 
effect was really due to the hydrosulphuric acid formed by the 
action of the nascent hydrogen upon the sulphurous acid, and 
accordingly it was found that the introduction of a few drops of 
solution of hydrosulphuric acid into the electrolytic cell also caused 
the evolution of arseniuretted hydrogen..- 

If an excess of hydrosulphuric acid be employed, a deposit of 
sulphur is formed in the tube, nearer to the orifice than the deposit 
of sulphide of arsenic, from which it may be very easily distin- 
guished by its much lighter colour, and by its insolubility in a 
warm solution of sesquicarbonate of ammonia, which readily 
dissolves the sulphide of arsenic. 

Three experiments may be especially referred to in evidence of 
the certainty attending this process. 

0:01 grn. of arsenious acid was boiled with hydrochloric acid and 
chlorate of potassa, and introduced into the electrolytic apparatus, 
and the reduction-tube through which the hydrogen escaped was 
heated to redness for 30 minutes without any appearance of 
deposit ; but, on adding 5 grn. measures of a solution of bisulphite 
of soda, a yellow crust of tersulphide of arsenic made its appear- 
ance in 5 minutes, and was followed by a distinct deposit of 

z2 
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metallic arsenic, identified by its volatility and its solubility in 
chloride of lime. 

In a second similar experiment, 10 grn. measures of a saturated 
solution of hydrosulphuric acid were poured down the funnel- 
tube, instead of the bisulphite of soda. The crust of sulphide 
appeared within 10 minutes, and that of metallic arsenic within 
15 minutes. 

A third experiment was made with only 0°001 grn. of arsenious 
acid which had been boiled with hydrochloric acid and chlorate of 
potassa; within 13 minutes after the addition of 10 grn. measures 
of hydrosulphuric acid, the yellow sulphide of arsenic appeared in 
the tube. 

It was found that however large a proportion of hydrosulphuric 
acid was poured into the decomposing cell, the arsenic was still 
evolved, the metal combining with the nascent hydrogen in pre- 
ference to the sulphur. It appeared probable, however, that the 
addition of hydrosulphuric acid would at once precipitate any 
antimony or mercury present in the liquid under examination, 
and would prevent their interference with the detection of the 
arsenic. 

One grain of tartar-emetic (0°36 grn. Sb) dissolved in water, was 
slightly acidulated with sulphuric acid, mixed with an excess of 
hydrosulphuric acid, and poured, without filtering, into the decom- 
posing cell in which the diluted sulphuric acid was undergoing 
electrolysis ; the evolution-tube was maintained at a red heat for 
38 minutes without any deposit in the tube except a thin film of 
white sulphur. 

Another grain of tartar-emetic was then mixed with 0°01 grn. 
of arsenious acid, which had been boiled with hydrochloric acid 
and chlorate of potassa, and the mixture was treated with an excess 
of hydrosulphuric acid, and poured into the same decomposing 
cell without interrupting the experiment. In 5 minutes, yellow 
rings of tersulphide of arsenic made their appearance in the capil- 
lary reduction-tube; in less than 15 minutes, a distinct crust had 
formed, presenting exactly the same appearance as if no antimony 
whatever had been present. No deposit ,had been formed upon 
the negative plate. 

In the next trial, only 0°001 grn. of arsenious acid was mixed 
with 1 grn. of tartar-emetic; the solution was boiled with hydro- 
chloric acid and chlorate of potassa, diluted to one fluid ounce with 
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water, saturated with hydrosulphuric acid gas, and poured, with 
the suspended precipitate, into the decomposing cell. Within 
15 minutes, a distinct deposit of metallic arsenic was obtained, 
which dissolved immediately in solution of chloride of lime. 

When 1 grn. of tartar-emetic and 0-01 grn. of arsenious acid 
were mixed with considerable quantities of bread, milk, and beer, 
and the brown treacly liquid obtained by boiling with hydrochloric 
acid and chlorate of potassa, and subsequent evaporation, was 
mixed with excess of hydrosulphuric acid and poured into the 
decomposing cell, deposits of metallic arsenic and of the tersul- 
phide were almost immediately formed in the tube. On collecting 
the dark precipitate after the operation, it was easily identified as 
sulphide of antimony. 

In a second experiment of this description, one-fourth of the 
brown fluid (containing 0°09 grn. Sb and 0°0025 grn. AsO.) was 
introduced into the decomposing cell without adding hydrosul- 
phuric acid, when a very distinct mirror of antimony was, of 
course, formed in the reduction-tube, and a deposit of that metal 
was obtained on the negative plate. The reduction-tube was then 
changed, and hydrosulphuric acid added, when deposits of arsenic 
and its sulphide, free from antimony, were formed in the tube. 

To prove that with this modification of the test, the presence 
of mercury no longer prevented the detection of arsenic, experi- 
ments precisely similar to those above described were made, 
respectively, upon mixtures of 1 grn. corrosive sublimate with 
001 grn. arsenious acid, and 0°25 grn. corrosive sublimate with 
00025 grn. arsenious acid, mixed with white of egg, bread, milk, 
and beer, when no difficulty whatever was found in the detection 
of the arsenic. 

The solution containing chloride of mercury and arsenic acid 
was electrolytised for half an hour without the slightest appearance 
of arsenical deposit in the heated tube, the mercury being 
deposited abundantly upon the negative plate; but on the addition 
of solution of hydrosulphuric acid, a crust of metallic arsenic was 
soon obtained.* 


* It will be evident that this method"of converting the arsenic into arsenic acid 
and precipitating the antimony and other metals by hydrosulphuric acid, in the 
cold, may be employed with advantage in Marsh’s test ; the solution containing the 
arsenic acid must be filtered, however, before introduction into the evolution bottle, 
as the suspended sulphide of antimony was found to be immediately decomposed in 
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In order to ascertain whether the occurrence of putrefaction in 
an organic mixture containing arsenious acid would interfere with 
its detection by the electrolytic test, an experiment was made with 
0-001 grn. of arsenious acid mixed with meat, white of egg, beer, 
bread, and milk, and allowed to putrefy for nearly twelve months. 
No difficulty was experienced in detecting the arsenic. 

I am very desirous of convincing myself that reliance may, 
in all cases, be placed on this process for the detection of arsenic, 
by operating upon organic matters exactly similar in their nature 
and quantity to those often submitted to the chemist in judicial 
inquiries, but have hitherto been unable to do this, in consequence 
of the difficulty of procuring hydrochloric acid so pure that, when 
examined in the large quantity required for the disintegration of 
considerable masses of viscera, it did not afford any indication of 
the presence of arsenic. Believing that I possessed a quantity 
of sulphuric acid perfectly free from arsenic, I employed it for the 
preparation of hydrochloric acid; but even this sample was not 
found to be absolutely free from the impurity, and on resorting to 
the sulphuric acid, the examination of a large quantity at once 
proved the presence of a very minute proportion of arsenic, which 
was more easily traced in the hydrochloric acid, since the latter 
could be employed without inconvenience in larger quantity, 
both in the electrolytic and in Marsh’s test. The production of 
sulphuric acid absolutely free from arsenic is now engaging my 
attention. 

It has also been incidentally noticed in the course of these 
experiments, that various samples of solution of potassa and of 
the solid hydrate contained very notable quantities of arsenic, 
attributable probably to their having been prepared from nitre by 
the action of (arsenical) copper at a high temperature. 

A more important point for the consideration of the analytical 
chemist is the occurrence of arsenic in the hydrosulphuric acid, 


contact with zinc and sulphuric acid. Ina mixture containing a grain of tartar- 
emetic and one-hundredth of a grain of arsenious acid, the latter was detected as 
easily as if no antimony had been present, by boiling with hydrochloric acid and 
chlorate of potassa, precipitating the cold solution with excess of hydrosulphuric 
acid, filtering, and pouring into Marsh’s apparatus. 

In Marsh’s test, the use of electrolytised zinc was found to be attended with 


advantage in minute investigation, on account of the very slow and steady evolution 
of gas. 
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prepared in the usual manner from sulphide of iron and diluted 
sulphuric acid. On passing the gas for 10 or 15 minutes through 
a reduction-tube heated to redness, a distinct crust of sulphide 
of arsenic was formed nearer to the heated portion than the 
deposit of sulphur. That the crust really consisted of sulphide 
of arsenic was proved by its solubility in carbonate of ammonia, 
and by its furnishing metallic arsenic when fused with carbonate 
of soda and cyanide of potassium in a current of carbonic acid. 
This experiment was repeated, with the same results, upon different 
samples of sulphide of iron and sulphuric acid. That the arsenic 
was due tothe sulphide of iron, was ascertained by employing 
only so much of the purest sulphuric acid as gave no indication 
of arsenic in Marsh’s process. Water saturated with the gas, 
when examined by Marsh’s and the electrolytic test, was not 
found to contain arsenic. 

No arsenic was detected in the washed hydrosulphuric acid gas 
prepared from native sulphide of antimony and hydrochloric acid. 
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On the Volumetric Relations of Ozone, and the Action of the Elec. 
trical Discharge on Oxygen and other Gases. 


By Thomas Andrews, M.D., F.R.S., M.R.LA., and Peter G. Tait, M.A. 


(From the Philosophical Transactions for 1860.)* 


1. Tue molecular changes produced by the electric current, or 
discharge, in certain compound bodies through which it is trans. 
mitted, furnish some of the most interesting examples of the action 
of a decomposing force that have been discovered in later times, 
The discharge of the Leyden jar, through fine wires or thin 
metallic leaves, exhibited long ago the heating power of the current, 
and the interesting experiments of the Dutch chemists afterwards 
showed that the disruptive discharge has the power of splitting up 
compound bodies into their constituent parts. The great invention 
of the pile of Volta, by furnishing an abundant supply of electricity 
of moderate tension, led subsequently to the important discovery 
of the polar decomposition of water and of other compound bodies, 
In the case of gases, it has been known, since the time of Priestly 
and Cavendish, that the spark-discharge has the apparently 
antagonistic properties of causing decomposition in some cases and 
combination in others. Finally, in our own day, Schénbein 
made the fine observation that a new substance (ozone), alike 
remarkable for the activity of its properties and for the facility 
with which it is destroyed, is formed by the action of the spark on 
pure oxygen gas, in the electrolysis of water, and in certain cases 
of slow oxidation. 

Our object in the present communication is to continue the 
investigation, already begun by one of us,t of the properties of 
ozone, by subjecting it under varied conditions to a series of 
careful volumetric experiments. We hoped, in this way, to throw 
some new light on the relations of this singular body to oxygen, 
by determining whether any, and what, change of volume occurs in 
its formation. Our expectations in this respect have not been 
disappointed. We have ascertained that when oxygen changes into 
ozone, a great condensation takes place ; so great indeed, that itis 
almost incompatible with the existence of ozone as an allotropic 
form of oxygen in the gaseous state. This investigation has 
naturally extended itself to an examination of the effects produced 


* The substance of this paper was delivered as a Discourse to the Members of the 
Chemical Society of London by Dr. Andrews. 

+ Philosophical Transactions, 1856, p. 1, or Quarterly Journal of the Chemical 
Society, ix, 168. 
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by the electrical discharge upon other gases, simple as well as com- 
pound ; and although, from its great extent, this part of the inquiry 
has as yet been only partially entered into, some of the results 
already obtained are of considerable interest, and will be referred 
to in the present communication. 

Before proceeding further, we must draw attention to the diffe- 
rence of action which, in many cases, we have found to exist 
between the spark, or spark-discharge, and the glow, or silent 
discharge. When the former terms are employed in this paper, 
they indicate a succession of brilliant sparks between two fine 
platinum wires, usually at the distance of 20 millims, (0°8 inch) 
from each other, and hermetically sealed into the tube containing 
the gas under observation. This form of discharge was obtained 
by connecting the free end of one of the platinum wires with an 
insulating stand, provided with a brass ball which was brought 
within a short distance of the prime conductor of an electrical 
machine in high order, while the free end of the other platinum 
wire was in connection with the ground. The silent discharge 
presented no visible character except a faint glow, not visible by 
daylight, at each metallic point, and was obtained by connecting 
the first platinum wire, not with the insulator, but directly with the 
prime conductor. Toavoid the mixture of the “brush” with the 
silent discharge, it was necessary to establish the connection firmly 
both with the conductor and with the earth wire; and, in some 
cases, where a full effect was required, the machine had to be 
turned very slowly. 

The electrical machine employed was a small plate one (18 inches 
in diameter), screwed down firmly to the floor of the apartment, 
opposite to an open fire. On the prolongation of the axis of the 
plate, a wheel, 6 inches in diameter, was fixed, from which a belt 
passed to an iron wheel, 40 inches in diameter, revolving in a 
wooden frame, which was also fastened to the floor. By this 
arrangement, the machine could be easily made to turn at the rate 
of 350 revolutions per minute. To maintain a regular and power- 
ful stream of electricity at this rapid rate of motion, it was found 
necessary, in addition to the ordinary cushions, to hold with the 
hand against the plate a rubber covered with amalgam. When in 
ordinary working order, the machine gave above 600 sparks per 
minute, and in decomposing water produced in the same time 
0:0002 cub. cent. of the mixed gases.* 

The ordinary forms of eudiometrical apparatus were found to be 
wholly inapplicable to this inquiry. We failed in discovering, by 
their means, whether even a change of volume occurs, wen 
ozone is produced from oxygen. To increase the difficulty, the 


* Reports of the British Association for 1855, Trans. of Sect. p. 46. 
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experiments could not be carried on in presence of mercury or 
water, as the former is immediately attacked by ozone; and the 
latter not only destroys it rapidly by contact, but introduces a 
disturbing cause, in the form of aqueous vapour, exceeding in 
general the whole effect to be measured. In the apparatus now to 
be described these difficulties were overcome, and very minute 
changes of volume determined with certainty. 

In figs. 1 and 2, the vessel in which the oxygen was 
contained is represented of different forms. It consists of a 
cylindrical tube ad, having two fine platinum wires hermetically 
sealed in opposite sides, and terminating in a capillary tube cde, 
of the form represented in the figure. The liquid in the limbs 
d e, is hydrated sulphuric acid (HO, SO,), and it is by the changes 


Fig. 1. Fig. 2. Fig. 3. 


bah, 


in the level of this liquid that the alteration in the volume of the 
gas in abcis determined. In order to make the necessary correc- 
tions for changes of temperature and pressure, during the interval 
between two observations, a vessel filled with dry air, of the same 
form and size as that employed-in the experiment, was read along 
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with it ; the reservoirs of both vessels being immersed -in a large 
calorimeter, as shown in fig. 3. To the first of these vessels, we 
usually gave the name of primary vessel, and to the second that 
of auxiliary vessel. In order to correct for any slight difference in 
the size of the vessels, or in the diameters of the capillary tubes, 
simultaneous readings of both were made at different temperatures, 
and a coefficient thus determined, by means of which the indications 
of the two vessels could be afterwards accurately compared. When 
the reservoirs were large, the corrections so to be applied were 
frequently less than the errors of observation. 

The extreme delicacy of this apparatus will be evident.from the 
following considerations. 1f we.take the case of a vessel with a 
large reservoir (fig. 1°), the changes in volume of 
the contained gas, supposing the temperature to  Fig.1°. 
remain constant, will be nearly proportional to 
the changes of pressure indicated by a barometer 
filled with sulphuric acid. As the height of such a 
barometer, at the mean pressure of the atmosphere, 
would be about 5500 millims., an alteration of 
1 millim. in the difference of levels of the acid in 
the siphon tube (de, fig. 1) would correspond to 
a change of volume of about -+,th of the entire 
gas; but, as it was easy to read to 0°5 millim., or 
een to 0°25 millim., the apparatus in this form 
enabled us to estimate a change of volume not ex- 
ceeding one-half, or even one-fourth of that quantity. 
With a smaller reservoir (fig. 2), the indications of 
the apparatus were, it is true, not quite so delicate, 
ad a careful set of comparative readings with the 
auxiliary vessel was always required; but. even here, 
a change of volume amounting to not more than 
sath of the whole, could be determined with cer- 
tainty. 

The absolute change of volume of the gas, cor- 
responding to a given change in the levels of the 
aid in the siphon tube (corrected in the first 
mstance by the aid of the auxiliary vessel), was 
tstimated in two ways; first, by observing the 
thange of level produced by. raising or lowering 
the temperature of the water in the calorimeter 
through a small number of degrees; and secondly, 
by accurately determining, at the end of the experiment, the 
tapacity of the reservoir and that of the capillary tube. 

- The form of apparatus now described can only be employed when 
the entire change of volume of the gas does not amount, in the 
course of the experiment, to more than about one-tenth of the 
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whole. When large changes of volume occur, the free end of the 
siphon tube must be hermetically sealed, so as to include a certain 
quantity of air, from whose subsequent change of volume that of 
the gas in the reservoir can be readi'y calculated. This modification 
of the apparatus we have found to be very convenient in experiments 
upon the action of the spark and silent discharge on the compound 
gases. 

2. The oxygen gas employed in the following experiments was 
prepared from fused chlorate of potash, and, to purify and dry it, 
was passed through two U-tubes, the first containing fragments 
of marble moistened with a strong solution of caustic potash, the 
second, fragments of glass moistened with sulphuric acid. The 
potash-tube was sometimes suppressed. In order to remove every 
trace of nitrogen, the whole apparatus was placed in connexion 
with a good air-pump, and a vacuum produced to the extent of at 
least half an inch, while the gas was still being evolved from the 


fused chlorate (fig. 4). When the process of exhaus- 
tion was discontinued, the gas soon filled the appa- 
ratus, and was expelled through the mercury at the 
lower end of the long gauge. The operation of 
exhausting and refilling the vessel was performed 
three times in every experiment. Supposing the 
connexions of the apparatus to have been perfectly 
air-tight, the nitrogen remaining after this triple 
exhaustion, could not have amounted to more than 
mwth of the whole. This degree of accuracy was 
not, it is true, realized in practice, but the oxygen 
gas, prepared in this way, did not contain ;;,th of its 
volume of nitrogen. The connexion with the air- 
pump at @ having been broken (the gas still continu- 
ing to pass freely over), the end of the tube was softened in a 
lamp and bent downwards at an obtuse angle, so as to allow 
it to dip into sulphuric acid contained in a small dish, as shown 
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Fig. 5, 


in fig. 5. The current of gas was now arrested, by removing 
gradually the lamps from the chlorate of potash, so as to allow 
the apparatus to cool slowly. When the acid had ascended a 
short way in a c, the vessel was sealed hermetically at 4, and, after 
the acid had ascended to about the point c, the vessel was 
removed, and placed in the upright position represented in figs. 1 
and 2. It was sometimes necessary to expel a bubble or two of 
gas, in order that the column of acid in the siphon tube might be 
in a convenient position when the vessel was placed in the calo- 
rimeter. 

Previous to filling the vessels, they were always cleaned by 
means of boiling nitric acid, and subsequent washing with distilled 
water. They were afterwards carefully dried. To the success of 
several of the following experiments, this precaution was indispen- 
sable. 

An auxiliary vessel having been filled in the same manner, 
either with air or with oxygen, the two vessels were placed in the 
calorimeter (fig. 3), and the difference of the levels of the acid in 
each carefully read. In our earlier experiments we generally used 
acathetometer for this purpose, but latterly we found it more 
convenient and sufficiently accurate to apply to the limbs of the 
siphon tubes a scale divided into millimetres. From the rapidity 
indeed with which the readings were thus made, the results were 
found to be fully as trustworthy as those obtained with the 
cathetometer. When quantitative determinations were required, 
the temperature of the water in the calorimeter and the height of 
the barometer were carefully noted. After the levels were read, 
the free ends of the siphon tubes in both vessels were hermetically 
sealed. The primary vessel was then removed from the calorimeter 
and placed in connexion with the electrical machine, to be exposed 
to the action either of the spark or silent discharge. When this 
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operation was finished, the vessel-was replaced in the calorimeter, 
the siphon tubes were opened, and the levels of the acid in the 
two vessels again read. 

In order to examine the effects of heat, the reservoir of the 
vesse] was placed in a sort of air-bath, formed by suspending a 
long copper cylinder above a Lesuixn’s gas-burner, the siphon 
tube being outside the cylinder, fig. 6. In this way a temperature 


Fig. 6. 


"Fy 


of 300° C., which-was sufficient to destroy in a short time all the 
ozone reactions, was readily obtained. This temperature was 
estimated without difficulty, by observing the amount of compres 
sion of the air in’ the outer leg of the siphori' tube. Our apparatus, 
with a slight modification, might, in fact, be employed as a’ ther- 
— for all temperatures below that at which glass begins to 
soften. 

It will probably tend to perspicuity, if we state, before going 
further, some of the general results of our experiments on the 
action of the electrical discharge on pure oxygen. 
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I. When the silent discharge is passed through pure and dry 
oxygen, a contraction takes place. This contraction proceeds, at 
frst rapidly, but afterwards more slowly, till it attains a limit, 
which, in one of our experiments, amounted to ;,th of the original 
volume of the gas. 

II. If a few electrical sparks be passed through the gas in this 
contracted state, it expands till it recovers about three-fourths of 
the contraction ; but, however long the sparks are passed, the gas 
never recovers its original volume. 

III. When electrical sparks are passed through pure and dry 
oxygen, it contracts, but to a much smaller extent than when acted 
on by the silent discharge. The oxygen is, in fact, brought to the 
same volume as when electrical sparks are passed through the same 
gas, previously contracted by the silent discharge. 

IV. When oxygen, contracted either by the silent discharge or 
by sparks, is exposed for a short time to the temperature of 270° C., 
it is restored to its original volume, and, on opening the vessel, 
the ozone reactions are found to have disappeared. 

The following experiments, taken from a large number which 
gave similar results, will serve to illustrate the foregoing state- 
ments. 

a. In a vessel, whose reservoir had a capacity of 5 cub. cent., 
sparks were passed for ten minutes, and produced a contraction of 
59 millims., as measured by the change of levels of the acid in the 
siphon tube. By heating the vessel afterwards to 300°C., the 
levels were restored to within 0°1 millim. of their original position. 

With the silent discharge in the same vessel, a contraction of 
395 millims. (corresponding to about one-thirtieth of the volume 
of the gas) was obtained in ten minutes. Of this contraction heat 
restored 38°7 millims. This slight difference of 0°8 millim. is pro- 
bably due to distortion of the vessel produced by heat. 

Again, the silent discharge gave in ten minutes a contraction 
of 37°6 millims., of which sparks, subsequently passed for seven 
minutes, destroyed 29°7 millims., leaving 7-9 millims. undestroyed. 

8. In another vessel having a reservoir of the capacity of 0°8 

cub. cent., active sparks gave, in fifteen minutes, 4 millims. of 
contraction. After fifteen minutes more of sparks there was no 
additional contraction. 
_ The silent discharge was now passed for fifteen minutes, and 
Increased the contraction to 20 millims.; in fifteen minutes more, 
the entire contraction was 31 wmillims. Four strong sparks 
reduced this to 22°5 millims., six or seven more to 16 millims., 
seven more to 11 millims., and sparks, continued for ten minutes, 
left 4 millims. of permanent contraction. 

y. In a third vessel, of about the same capacity as the last, 
sparks gave a final contraction of 7-5 millims. ; while the silent dis- 
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charge, pushed to its limit, increased the contraction to 90 millims, 
corresponding to about one-twelfth of the entire volume of the 
gas. This contraction was almost exactly destroyed by heat. 

Before leaving this part of the subject, we should mention that, 
when a full contraction is obtained by means of the silent discharge, 
it will be found very slowly to diminish from day to day. We 
have not ascertained whether, at the end of a very long period of 
time, the original volume of the gas would be recovered. At 100° C., 
the contraction diminishes much more rapidly than at ordinary 
temperatures. Thus it appears that the state produced by the 
electrical discharge is not permanent, even at common tempera- 
tures, and that it becomes more unstable as the temperature rises, 
till at 270° C. it is rapidly destroyed. 


We next proceeded to examine the volumetric changes which 
occur when oxygen contracted by the electrical discharge, is 
brought into contact with other bodies. 

The first body we tried was mercury, the physical changes pro- 
duced on which by ozone are known to be very remarkable. When 
a capsule containing this metal is broken in a tube of oxygen gas 
through which the silent discharge has been passed, the mercury 
instantly loses its mobility, and, if gently shaken, covers the 
interior of the tube with a brilliant mirror. As the action con- 
tinues, the mirrored surface breaks up, and the coating hecomes 
converted into a blackish semipulverulent substance. Unless the 
tube be very violently shaken, the ozone reactions will not be 
entirely destroyed, until the mercury has been for some hours in 
contact with the gas. 

To determine the volumetric changes, a thin capsule, filled with 
pure mercury and hermetically sealed, was placed in a vessel with 
a large reservoir of the usual form (fig. 1°), which was afterwards 
filled with dry oxygen. After the levels had been read, the silent 
discharge was passed until a considerable contraction was obtained. 
The corrections for changes of temperature and pressure were, as 
in other cases, furnished by an auxiliary vessel. The free end of 
the siphon tube having been sealed, the primary vessel was 
removed from the calorimeter, and the capsule broken by a sudden 
jerk. The breaking of the capsule, in this and other experiments, 
was greatly facilitated by introducing into the vessel a small piece 
of thick glass tube, which fell on the capsule when the vessel was 
shaken (fig. 1°, k, p. 347). 

Viewing ozone as an allotropic form of oxygen, in the gaseous 
state, we expected that wheu mercury came into contact with it, a 
contraction would take place, equal to the volume of the ozone which 
entered into combination with the metal. This anticipation has not 
been realized. After the rupture of the capsule, the vessel was 


el ¢ - n  -  — Si; ie - e 


a. 


VOLUMETRIC RELATIONS OF OZONE. 353 


immediately replaced in the calorimeter and the levels read. Not 
the slightest diminution of volume was observed in any one of a 
large number of experiments; on the contrary, an increase, cor- 
responding to a change of 1 millim. in the levels, generally 
occurred. On allowing the vessels to remain in the calorimeter, 
and reading the position of the acid in the siphon tubes from time 
to time, the gas was found to expand steadily, but slowly, for some 
hours, till from two-thirds to five-sixths of the contraction pro- 
duced by the discharge was recovered, If the vessel was opened 
at any time while this expansion was going on, the ozone reactions 
were always manifest ; but when the expansion was at an end, the 
ozone reactions had also ceased. 

If the mercury, instead of being allowed tranquilly to act upon 
the gas, was violently agitated after breaking the capsule, a much 
smaller portion of the contraction was restored ; in some cases not 
more than one-sixth. 

Metallic silver, in the state both of leaf and of filings, gave 
similar results. The surface of the silver was partially blackened, 
about three-fourths of the original contraction was recovered, and 
the whole operation much more quickly terminated. 

As the above reactions were evidently complex, the mercury and 
silver partly entering into combination with the gas, while the 
compounds formed appeared to exercise a catalytic action, we 
endeavoured to find an elementary body which would instantly 
destroy the ozone reactions, and at the same time be without 
action on dry oxygen. After some trials, we found that todine 
possessed the required properties. We first ascertained that its 
vapour, although visible at common temperatures, has no appre- 
ciable tension. When a small capsule, containing pure and dry 
iodine, was broken in a vessel of the usual form filled with oxygen, 
the levels of the acid in the siphon tube were not altered. So 
slight also is the affinity of iodine for oxygen, that, on heating the 
reservoir so as to volatilize a considerable portion of the iodine, and 
afterwards allowing it to cool, the volume of the gas underwent no 
change. On the other hand, if ozone be present, the iodine is 
immediately attacked, a greyish-yellow compound is formed, and 
all ozone reactions are instantly destroyed. 

The experiment already described with mercury was now 
repeated, substituting iodine for that metal. On breaking the 
capsule, the levels of the acid scarcely changed 1 millim., although 
the original contraction amounted to 50 millims. No subsequent 
expansion took place, and, on opening the vessel, the ozone reac- 
tions had entirely disappeared. 

On the allotropic hypothesis, these experiments, and particularly 
the last, lead to the conclusion that ozone must have a density at 
least fifty times as great as that of oxygen. This conclusion is 
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indeed unavoidable from the experiments just described, unless it 
is assumed that at the same moment when one portion of the ozone 
combines with the iodine, another portion changes back into 
oxygen, and that these quantities are so related to one another, 
that the expansion due to the one is exactly equal to the contrac- 
tion arising from the other. Such a supposition cannot, however, 
be considered probable. 


4, In order to subject this remarkable property of ozone to a 
further examination, two additional series of experiments were 
undertaken, to a description of which we now proceed. 

In the first series, a primary and an auxiliary vessel with large 
reservoirs were filled with pure and dry oxygen, small capsules 
hermetically sealed, and containing portions of the same solution 
of iodide of potassium, having been previously placed in each. The 
silent discharge was passed through the primary vessel so as to pro- 
duce a considerable contraction, amounting in different experi- 
ments to from 40 millims. to 80 millims. The levels of the acid in 
the siphon tubes of both vessels having been carefully read while 
the vessels were in the calorimeter, the ends were sealed, and the 
vessels shaken so as to break the capsules in both. In the primary 
vessel, the iodide of potassium solution became instantly coloured 
dark brown from the iodine set free, while that in the auxiliary 
vessel did not change. On replacing the vessels in the calori- 
meter, and opening the ends of the siphon tubes, the change in 
the levels indicated a considerable expansion in both. In the 
auxiliary vessel, this expansion was due to the tension of the 
vapour of the solution of iodide of potassium alone; in the 
primary vessel, the expansion ought to have been less than this, 
on account of the absorption of ozone, if the volume of that body 
were capable of measurement. 

In the following Table, which contains the results of five very 
careful experiments made in this way, the first column gives the 
amount of contraction produced by the silent discharge in the 
primary vessel, previous to the breaking of the capsules; the 
second, the temperature; the third and fourth, the respective 
expansions in the primary and auxiliary vessels ; and the fifth, the 
differences of the numbers in the third and fourth columns :— 


. ; mm. mm. 
11-0C. 70.0 —1°5 
13°5C, 80°0 —0°5 

8°7C. 52°0 —13 
12°2C. 730 —1°5 
16°2C. - 89°2 —2°2 


VOLUMETRIC RELATIONS OF OZONE. 355 


The capacity of the vessels employed in these experiments was 
about 30 cub. cent., and the primary and its auxiliary were found, 
in each experiment, by careful comparative observations, to work 
accurately together. The solution of iodide of potassium was 
purposely employed of different strengths in the several experi- 
ments. In I. it contained 745th part of iodide of potassium; in 
IL. s45th; in ITI. 4rd; and in IV. and V. 4th. In the two last 
the solution was slightly acidulated with hydrochloric acid, in the 
others it was neutral. The capsules contained each about 0°7 grm. 
of these solutions. 

The agreement in the results of these experiments, made with 
solutions of iodide of potassium so widely differing, is very remark- 
able. We ought also to observe that direct experiments, per- 
formed with great care, showed that the iodine set free by the 
ozone in the primary vessel did not affect the tension of the vapour 
of the solution. 

Taking the mean of the above numbers, the density of ozone, as 
compared with that of oxygen, must be expressed, on the allotropic 
hypothesis, by about the number 60; in other words, ozone must 
be agas only about six times lighter than the metal lithium. If 
the small differences in the fifth column be due, wholly or in part, 
to accidental causes, which is far from improbable, a still higher 
number must, on the same hypothesis, be taken to express the 
density of ozone. 

In the last series of experiments, the amount of iodine set free 
in the solution of iodide of potassium was determined by analysis, 
and the weight of oxygen deduced therefrom compared with the 
weight of oxygen, calculated from the volumetric change which ' 
had occurred in the formation of the ozone. 

We shall describe these experiments with some detail, particu- 
larly as the methods employed will be found applicable to other 
cases of gas analysis, where small changes in a given volume of 
gas have to be estimated. 

Before filling it with oxygen, a sealed capsule containing a solu- 
tion of iodide of potassium was introduced into the primary vessel, 
while the auxiliary contained the dry gas only. The silent dis- 
charge was passed through the former, and the contraction care- 
fully observed. The capsule was then broken, and the solution 
agitated in the primary vessel for a few seconds.. The siphon tube 
was next cut off, and the liquid carefully washed out and analysed 
ly means of a weak solution of sulphurous acid, the exact strength 
of which had been immediately before determined by observing the 
amount required to decolorize a solution containing a known 
weight of iodine. 

In some of the experiments the solution of iodide of potassium 
was slightly acidulated, in the others it was neutral. In the latter 
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case it was acidulated before being analysed. The results were the 
same, whether the solution was taken in the neutral or in the acid 
state. For although oxygen gas acts upon an acid solution of 
iodide of potassium, the action requires time, and the contact in 
this case was only continued for a few seconds.* 

The formula by which we calculated the results of these experi- 
ments may be thus investigated : 

Let f, g (fig. 1), be the mean level of the acid in the legs of the 
siphon tube ; d, e, the levels at any time, ¢ being the temperature, 
and II the barometric pressure corrected for temperature. Let 
also ge=fd=z, and let H be the length of a tube similar to the 
siphon tube, and whose capacity is equal to that of the reservoir 
and of the siphon tube to f. Let abe the height of a barometer 
containing the liquid in the siphon tube, p the pressure of the gas 
in the vessel, and V the volume of the gas reduced to 0°C. and 
760 millims. 

Then evidently, 

Vv 1+at 
OvH+e2 


But 


- 22 
p=n(1 +=), 


hence 
V(1+at) 


n(H +«)(1+22) 


is a constant quantity. Taking the logarithmic differential, we 
have 
26x 2xda 


_oV, a dn de . /-.. 


0=. + -——_ - —_ = oe 
V i+at nm H+e 14% 


éa__ 811, -* x . . 
Now han fe multiplied by 7 quantity rarely exceeding z}y. 


To this degree of approximation, then, at least, 


8V , adt Sn_, (2, 1 
yt aie(E+ a) . . . : (1,) 


* Baumert has objected on this ground to some of the experiments in a former 
communication made by one of us to the Society. We have found that, in the cir- 
cumstances in which those experiments were performed, about one-twentieth of the 
effect was due to this cause; but as the oxygen acting on the solution of iodide of 
potassium set free its equivalent of iodine, the equality of the numbers given in that 
paper could not be disturbed by this action. e have, since that time, by addi- 
tional experiments, fully confirmed the statement that no water is produced in the 
destruction of electrolytic ozone by heat. 


VOLUMETRIC RELATIONS OF OZONE. 857 


If V,, H,, x, represent for the auxiliary vessel the quantities cor- 
responding to V, H, # in the primary, we have, since V =0, 


aii o6m_» (2, 1 
1 a wa t(ot ae) — 2. a = (2.) 


If H, =H, i.e. if the primary and auxiliary vessels be of similar 
dimensions, we have at once, from (1.) and (2.), 


(3.) 


If the vessels be not similar, let 


H(Geh)-e.€ 


é 


then instead of (3.) we have 


bV 2,1 

_ (da _— 82) (= + =) ° . . . . (4.) 
Formula (3.) or (4.) gives the change of volume in the gas, as 
deduced from the observed change in the levels in the siphon 
tube. 

For the estimation of the portion of the gas (5,V) taken up as 
one by the solution of iodide of potassium, let C be the capacity 
of the primary vessel to f in litres, s the number of measures of 
sulphurous acid required to decolorize the solution when washed 
out of the vessel, S the number required to decolorize 1 grm. of 
iodine. Then we have, evidently, as a sufficient approximation, 


Is 

SV_ 1588S 
“V 1-4367Cp * 
(1 +at)760 


If we suppose ozone to be allotropic oxygen, with a relative 
density e: 1, then 8,V of oxygen contracts to ~— on being changed 


into ozone. Hence on this hypothesis, 


In order to verify this method, two similar vessels were filled 
vith pure oxygen, one containing a capsule filled with a neutral 
wlution of iodide of potassium, the other a capsule filled with an 
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acidulated solution of the same salt, and of precisely the same 
strength. The neutral solution was also introduced into the siphon 
tubes of both vessels. After breaking the capsules, the levels were 
read, and the vessels set aside fur some days; at the end of which 
time it was found that a portion of oxygen gas had been absorbed 
in the primary vessel which contained the acid solution, while no 
change had occurred in the other. The levels were now read again, 
and the solution in the primary vessel analyzed. . 

The weight of the oxygen absorbed, as calculated by the fore. 
going formule from the volumetric change, was 0-0002188 grm., 
while its weight deduced from the analysis was 0°0002181 grm. 
The close agreement between these numbers shows that the 
method is susceptible of considerable accuracy. 

The following Table contains the results of six experiments 
made in the manner above described. The primary and auxiliary 
vessels were carefully constructed of similar dimensions, and were 
found, on trial, to work accurately together, so that formula (3.) 
was directly applicable. 


¥. TEL 
, \ is mm. _ mm. 
27,. : : i ri —51°0 39°0 


2(ce, + Px,). —975 — 82% 
2a 72:5 65°0 


0°0269 0°0346 


(ar + Bx), —390 275 
C, 
45 45 


grm. grm. 
0°0446 0°0621 
36°8 44°43 
mm. mm. mm. 
751°0 747°2 751°0 
13°45 C. 1¢. 9°°8 C. 14°00. 14°7C, 
0°000025 0000024  0:000025  0°000026  0°000027 0:000036 


0°932 '0°938 0°947 0°927 0°952 0°933 


On comparing these experiments with the foregoing, it will be 
observed that they do not give exactly the same result.  In- 
terpreted as they stand, they indicate a density for ozone, if we 
may use the expression, more than infinite, inasmuch as the 
quantity of oxygen deduced from the analysis is less than that 
corresponding to the contraction observed. But, although every 
precaution was taken to avoid all sources of uncertainty, it is not 
improbable that this difference between the amount of oxygen 
deduced from the contraction and from the analysis may arise from 
a slight defect in some of the data, particularly as it would only 
involve an error of the order of ss455th of the entire gas. 

Taking the mean result of the three series of experiments as 
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they stand, it gives, on the allotropic hypothesis, almost exactly an 
infinite density for ozone. 


5. The commonly received statement, that the whole of a given 
volume of dry oxygen gas can be converted into ozone by the 
passage of electrical sparks, is erroneous. In repeated trials, with 
tubes of different forms and sizes, we fonnd that not more than one- 
twelfth of the oxygen could, under the most favourable circum- 
stances, be converted into ozone, even by the silent discharge, and 
a much smaller proportion by the action of sparks. But if the 
ozone is removed as fast as it is produced, the conversion may be 
earried on indefinitely. An apparatus was constructed of the form 
shown in fig. 7. At a, 6 two fine platinum wires were hermetically 


Fig. 7. 


sealed into the glass; at c there was a solution of iodide of potas- 
sium, and de was filled with fragments of fused chloride of calcium 
which allowed the ozone to pass freely, but arrested the vapour of 
the solution ; so that while the discharge always took place in pure 
and dry oxygen, the ozone was gradually absorbed. The volumetric 
change was measured by the readings of the sulphuric acid in the 
siphon tube fg sealed at g. The experiment was continued till 
five-twelfths of the oxygen (whose entire volume was about 
12 cub. cent.) was absorbed, and the action was still going on. It 
was not considered necessary to persevere further, as the iabour of 
turning the machine was very great. To produce the effect just 
mentioned, the discharge from the machine in excellent order had 
to be passed through the tube for twenty-four hours. 

When the electrical discharge is passed through rarefied oxygen, 
the phenomena are apparently the same as with the gas at 
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the common pressure of the atmosphere. We filled a vessel 
with oxygen, and exhausted it till the pressure was equal to 
1 inch of mercury, in the hope that in this rarefied state a larger 
portion of the oxygen might be converted into ozone than under 
greater pressures, but this did not prove to be the case. We 
intend on a future occasion to pursue this part of the inquiry, and 
to examine particularly the effects of the electrical discharge on 
oxygen in different states of rarefaction and condensation. 

Ozone, obtained by electrolysis, gave results nearly similar to 
those already described. As the volume of the oxygen gas from 
which the ozone was derived could not, in the case of electrolytic 
ozone, be observed directly, it was estimated indirectly by placing 
three vessels in line, and passing the same stream of electrolytic 
oxygen through them all. By heating the first and last vessels to 
300° C, and observing the expansion produced in each, it was easy 
to calculate the expansion which would have occurred in the 
middle vessel, if it had been exposed to similar treatment. This 
expansion was assumed to be equal to the contraction which occurs 
when ozone is produced from oxygen by means of the electrical 
discharge. Finally, the actual amount of ozone in the middle 
vessel was determined by introducing a solution of iodide of potas- 
sium, and ascertaining by analysis the amount of iodine set free. 
The individual experiments with electrolytic ozone did not agree 
so well with one another as those performed with ozone prepared 
by the discharge. This arose partly from the very small quantity 
of ozone in electrolytic oxygen, but chiefly from the irregularity 
in that quantity at different times, even when the current was 
passing very steadily, which made it difficult to ascertain with 
certainty the expansion due to the ozone in the middle vessel. 
Our earlier results, indeed, gave a measurable volume for ozone, 
and as a first approximation we obtained the number 4 as express- 
ing its density.* But, by multiplying our experiments, and taking 
all possible precautions to ensure accuracy, we found that electro- 
lytic ozone, like that produced by the discharge, has no appreciable 
volume. 

Ozone is not condensed at common pressures by the cold pro- 
duced by a mixture of solid carbonic acid and ether. A stream 
of electrolytic oxygen, passed very slowly, first. through a U-tube 
surrounded by snow and salt, and next through a spiral tube 
immersed in the carbonic acid and ether bath (—76° C.), under- 
went no change. The ozone reactions, as the .gas-issued from the 
tube, after exposure to this low temperature, were as strong a8 
before it entered the bath. 


* Proceedings of the Royal Society, vol. viii, p. 498, and ‘vol. ix, p. 406. 
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6. Hydrogen, prepared with care by the action of dilute sulphuric 
acid recently boiled on zinc, and purified by passing through three 
U-tubes containing corrosive sublimate in solution, hydrate of 
potash, and sulphuric acid, respectively, and finally, in order to 
remove the last trace of oxygen, through a tube filled with metallic 
copper heated to redness, was found not to be altered in volume, 
either by the sparks or by the silent discharge. It appears to be a 
much better conductor of electricity than oxygen. 

With Nitrogen, prepared in the usual way by depriving atmo- 
spheric air of its oxygen by means of heated copper, the results 
were also negative. — 

Among the compound gases, Carbonic Acid is rapidly decom- 
posed by the spark, slowly by the silent discharge; in both cases 
expansion takes places. 

Cyanogen is at once decomposed by the spark with deposition of 
carbon (?); but presents so great a resistance to the passage of 
electricity, that the action of the silent discharge could not be 
ascertained with certainty. 

Protoxide of Nitrogen is readily attacked by the spark, with 
formation of hyponitric acid, whose characteristic red colour is 
distinctly seen. The primary result of the spark action is expan- 
sion, but on allowing the gas to stand, it gradually contracts, in 
consequence of the absorption of the hyponitric acid gas by the 
sulphuric acid in the siphon tube. It is impossible to determine 
the precise amount of the first expansion, as a certain amount of 
absorption occurs at the same time; but, in one imperfect trial, 
the ratio between the expansion and the subsequent contraction 
was nearly that of 1:2. This corresponds to the conversion of 
8 vols. of protoxide of nitrogen into 4 vols. of hyponitric acid gas 
and 6 vols. of nitrogen. The silent discharge appears to produce 
the same result as the spark, but as the action is slower, the 
absorption interferes with any attempt to determine accurately the 
primary expansion. 

Deutowxide of Nitrogen presents the interesting example of a com- 
pound gas, which, under the influence both of the spark and 
silent discharge, undergoes, like oxygen, a diminution of volume. 
This is independent of the subsequent absorption of the hyponitric 
acid formed. This gas is remarkable for the facility with which it 
is decomposed by both forms of discharge. The passage of sparks 
for two minutes, through a tube containing about 5 cub. cent., 
produced a contraction of the gas to nine-tenths of its original 
volume, followed after some time by a contraction not quite double 
of the former, from the absorption of the hyponitric acid gas. On 
continuing to pass sparks till the decomposition was finished, and 
waiting till the hyponitric acid gas was completely absorbed, the 
residue amounted to a little more than one-fourth of the original 
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gas. This residue consisted of a mixture of 11 vols. nitrogen, and 
1 vol. oxygen. It is evident that the final result is a little com- 
plicated, but there can be little doubt that the action of the spark is 
to convert 8 vols. of deutoxide of nitrogen into 4 vols. of hyponitric 
acid gas, and 2 vols. of nitrogen. This decomposition may be due 
to the immediate action of the discharge; or the deutoxide of 
nitrogen may, in the first instance, be resolved into equal volumes 
of nitrogen and oxygen, the latter combining as it is formed with 
undecomposed deutoxide. 

Carbonic Oxide has given results of great interest, the investi- 
gation of which has already occupied a considerable time, although 
it is not yet completed. The principal facts have, however, been 
already ascertained, and as they present some remarkable analogies 
to those already described in the case of oxygen, we shall briefly 
allude to them here, reserving the complete investigation fora 
future communication. 

The carbonic oxide was prepared by heating oxalic acid with an 
excess of sulphuric acid, and absorbing the carbonic acid by means 
of a strong solution of hydrate of potash. The gas, as it escaped 
from the end of the apparatus, did not produce the slightest 
turbidity in lime or baryta water, and was completely absorbed by 
an ammoniacal solution of the subchloride of copper. 

On exposing this gas to the action of the silent discharge, a 
steady contraction took place, and the surface of the positive 
platina wire became covered with a continuous deposit of a bronze 
colour. After some time, a trace, but only a trace, of the same 
deposit appeared at the point of the negative wire. If, after a 
contraction of 50 millims. or 60 millims. of the siphon tube had 
been obtained, a few electrical sparks were passed through the gas, 
the greater part of the contraction was, as in the case of oxygen; 
destroyed. Heat acted in the same direction, but did not restore 
the gas altogether to its original volume. 

On continuing to pass the silent discharge, the gas continued to 
contract, and the deposit to increase on the positive wire. Por- 
tions of the same deposit were also scattered about the sides of 
the tube, being probably thrown off from the same wire. The 
experiment was in some cases continued till the gas had contracted 
to about one-third of its original volume. To effect this contrac- 
tion, the machine had to be worked for sixty hours. The residual 
gas consisted of carbonic acid, oxygen, and undecomposed carbonic 
oxide. A similar deposit was obtained when the discharge took place 
between gold instead of platinum wires. This deposit appeared to 
be soluble in water. Its quantity was so small that direct 
analysis was altogether impossible. Its composition may, how- 
ever, be determined by fixing with precision the ratios of the 
volumes of the carbonic acid and oxygen produced. We have suc- 
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ceeded in devising a method by which this analysis may be effected 
even with less than 0°5 cub. cent. of the mixed gases, but this part 
of the investigation is still unfinished. 

Atmospheric Air is the only gaseous mixture which we have 
exposed to the action of the silent discharge. Like pure oxygen, 
it undergoes a diminution of volume; but the operation is more 
quickly terminated and the contraction is less than with that gas 
alone. If, after the passage of the discharge, the vessel be set 
aside for some hours, the contraction will be found to augment ; 
and if the gaseous mixture be now again exposed to the action of 
the discharge, a further contraction will take place. On the other 
hand, heat destroys a portion only of the contraction at first pro- 
duced. All these facts are easily explained from the simultaneous 
formation of ozone and of one of the higher oxides of nitrogen, and 
the marked influence of the latter, when formed, in arresting the 
formation of the former. To the same cause we have succeeded 
in referring an apparently anomalous state of oxygen, produced by 
passing a stream of strong electrical sparks for some minutes, 
through that gas containing a trace of nitrogen. The oxygen 
becomes by this treatment incapable of contracting or of changing 
into ozone under the action of the silent discharge, and only 
recovers its usual condition by exposure to heat or by standing 
for some hours. If the nitrogen amounts to not more than =), th 
of the entire volume, this condition cannot be produced more than 
two or three times. At first we supposed it to be a new (passive) 
state of oxygen, but we have now no hesitation in referring it to 
the presence of a trace of hyponitric acid gas produced by the 
electrical sparks. 

7. It is perhaps premature to attempt a positive explanation of 
the facts now described regarding ozone. The foregoing investi- 
gation into its volumetric relations has, for the moment, rather 
increased than diminished the difficulty of determining the true 
nature of that body. To reconcile the experimental results with 
the view that ozone is oxygen in an allotropic form, it is necessary 
to assume that its density immensely exceeds that of any known 
gas or vapour; being, as we have seen, according to the first and 
second series of experiments (§§ 3 and ‘4), from fifty to sixty times 
that of oxygen, and according to the third series (§ 4) absolutely 
infinite. Even the former results would make it only six times 
less dense than the metal lithium, and would place it rather in the 
class of solid or liquid bodies than of gaseous. The question may 
then be fairly proposed,—Can this singular body, at common 
temperatures be actually a solid or liquid substance, whose 
particles, in an extremely fine state of subdivision, are suspended 
in the oxygen with which it is always mixed? This question will 
scarcely, we think, admit of an affirmative answer. Not only does 
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ozone, mixed as usual with oxygen, pass through several U-tubes 
containing fragments of pumice moistened with sulphuric acid, 
but it exhibits its characteristic reactions when left for many 
hours in tubes of this kind. Besides, there is not the slightest 
cloud visible in a tube filled with oxygen, even when one-twelfth 
of the gas has been converted into ozone, nor does any deposit 
appear after long standing. 

Ozone may be formed under conditions which exclude the possi- 
bility of its containing, as a constituent, any element except 
oxygen, or the elements of oxygen, if that body should hereafter 
be shown to be compound. As has been before stated, our experi- 
ments may be reconciled with the allotropic view and an ordinary 
density, but still one greater than that of oxygen, if we assume 
that when ozone comes into contact with such substances as iodine, 
or solutions of iodide of potassium, one portion of it, retaining the 
gaseous form, is changed back into common oxygen, while the 
remainder enters into combination ; and that these are so related 
to one another, that the expansion due to the former is exactly 
equal to the contraction arising from the latter. We do not, 
however, consider this supposition to be by any means probable, 
nor can it be easily reconciled with the results ($ 3) obtained 
when mercury acts on ozone. 

If we consider the conditions under which ozone is formed, we 
shall find them to be different from those which produce allotropic 
modifications in other cases. Such elements, for example, as 
phosphorus or sulphur, are modified by the action of heat, and not 
by the electrical discharge. It is true, at the same time, that the 
destruction of ozone, or, on the allotropic view, its reconversion 
into oxygen, by exposure to a temperature of 270° C., is appa- 
rently analogous to that action of heat whereby common phos- 
phorus is converted into the red variety. 

Without rejecting the allotropic constitution of ozone, although 
the results of our volumetric experiments are certainly difficult to 
reconcile with it, it may not be uninstructive to consider whether 
the facts already known admit of a different explanation. As 
ozone is formed from pure and dry oxygen by the electrical 
discharge, if it is not an allotropic form of oxygen, the latter must 
be either a mechanical mixture of two or more gases, or it must 
be a compound gas. It is perhaps scarcely necessary to consider 
the former hypothesis, according to which, oxygen, in its ordinary 
state, would be a mechanical mixture, as atmospheric air is 4 
mixture of nitrogen and oxygen. The contraction, which occurs 
when the electrical discharge is passed through oxygen, is at first 
sight indeed favourable to such a supposition, inasmuch as the 
combination of gases is usually accompanied either by a diminu- 
tion, or no change of volume. But we have not been able to 
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discover, in its other reactions, any facts which countenance this 
otherwise, improbable view of the constitution of oxygen gas. 

Finally, it remains to be considered, whether in the formation 
of ozone, oxygen does not undergo a more profound molecular 
change than is involved in an allotropic modification, whether, in 
short, this supposed element may not be actually decomposed. If, 
for the moment, we confine our attention to the phenomena which 
present themselves when the electrical discharge is passed through 
oxygen, this attractive hypothesis will be found to furnish a simple 
and plausible explanation of them all. It will be observed at once 
that the conditions under which ozone is formed from oxygen by 
the electrical discharge, are precisely those under which other gases, 
known to be compound, are decomposed. The electrical current 
is one of very high intensity, and therefore yery favourable to 
decomposition : when passed in the form of the silent discharge, 
a large contraction takes place in the volume of the gas, which is 
partially destroyed by a few electrical sparks, and wholly by heat. 
With nitrogen and hydrogen no similar effects are observed, the 
volume of these gases being quite unaffected by either form of 
discharge. 

The behaviour of carbonic oxide, when exposed to the action of 
the silent and spark discharge, corresponds remarkably to that of 
oxygen : the latter form of discharge, while producing itself only a 
limited contraction in carbonic oxide, destroying a part of the 
contraction produced by the former. Again when deutoxide of 
nitrogen is exposed to the action of the same agents, an immediate 
contraction takes place without any solid or liquid product being 
formed, showing that in certain cases of gaseous decompositions, 
the resulting gases occupy a smaller volume than the original 
compound. 

If we assume that oxygen is resolved by the electrical discharge 
into a new compound (ozone), containing the same constituents 
as the oxygen itself, but in a different proportion, and into one of 
the constituents themselves, in the same manner as carbonic acid 
is resolved into carbonic oxide and oxygen, or nitric oxide into 
hyponitric acid and nitrogen, the results of our experiments will 
admit of an easy explanation. One of the simplest suppositions 
we can make for this purpose is, that two volumes of oxygen con- 
sist of one volume of U and one volume of V, united without 
condensation (U and V being the supposed constituents of oxygen), 
and that one volume of ozone consists of two volumes of U and 
one volume of V: and further, that by the action of heat, iodine, 
&c., ozone is resolved into U and oxygen. 

The appearance of ozone at the positive pole in the electrolysis 
of water, and its formation by the agency of so active a body as 
ordinary phosphorus, do not seem unfavourable to its being the 
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result of decomposition. But the same observation will not apply 
to its production by the action of acids on such bodies as the 
peroxide of barium. We certainly should not have expected to 
see a body derived from the decomposition of oxygen produced 
urder the latter circumstances, and, although the facts connected 
with its production in these cases have not been studied with 
precision, yet there appears to be no doubt that ozone is actually 
formed. 

We must in conclusion add, that the few attempts we have made 
to isolate either of the supposed constituents of oxygen have failed. 

We are still continuing to prosecute this inquiry, and hope on a 
future occasion to lay before the Society the results of further 
experiments which are now in progress. 


Note, added July 12, 1860. 


It having been suggested that a certain 
amount of the contraction produced by the 
passage of the electrical discharge through 
tubes containing oxygen might arise from the 
action on that gas of the platinum wires, or 
of finely divided platinum, which, as in Mr. 
Gassiot’s experiment, might be thrown off 
by the action of the discharge, we have made 
the following experiment, in order to ascertain 
whether such an action could have occurred in 
the conditions under which we operated. 
Before describing the experiment, it may be 
proper to state, that in the passage of the dis- 
charge of the electrical machine, there is no 
visible separation of metallic platinum, as in 
that of the discharge from the induction coil, 
nor other evidence of the wires being acted on; 
on the contrary, both the wires and tube retain 
their original appearance after having been 
frequently exposed to the alternate action of 
the discharge and of heat. 

A vessel, of the form represented in the 
annexed figure, was filled with pure and dry 
oxygen. It differs from the tubes usually 
employed only by having the lower end of the 
reservoir drawn out into a capillary tube a 3d. 
The platinum wires were inserted as usual, and 
an auxiliary vessel of the same size and form 
was filled with dry air. After determining the 
comparative range of the two vessels, thei* 
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reservoirs were exposed, in the apparatus before described, to a 
temperature 300° C., in order to bring them as exactly as possible 
into the same condition. When they had cooled, the levels of the 
acid in the siphon tubes were again read, and the silent discharge 
was afterwards passed through the primary vessel till a contraction 
of twenty-seven millims. was obtained in its siphon tube. The 
extremity of the capillary tube of the reservoir was next cut off at 
a, and the end of the siphon tube d, which had the form repre- 
sented in the figure, was dipped under sulphuric acid. The open 
end at a, was now connected with an apparatus, which supplied a 
slow stream of carefully dried air, and this was allowed to pass till 
the ozone and oxygen originally contained in the tube were 
entirely displaced by the dry air. It is obvious that by this 
arrangement the ozone was removed while the platinum wires and 
the inner surface of the tube were left in precisely the same state 
as after the passage of the discharge. The tube was next 
sealed off at c, by the application of the point of a fine blowpipe 
flame, the current having been arrested, so as to leave the 
usual column of sulphuric acid in the siphon tube. In sealing 
it, care was taken not to allow the air in e to become heated. 
The vessel was again placed, along with the auxiliary, in the 
calorimeter, and the levels read. The ends of the siphon tubes 
having been first sealed, the reservoirs were exposed to 300° C, 


An expansion should have taken place in the primary vessel, if the 


°o 


platinum had retained oxygen capable of being disengaged at 300 
C,; but this was not found to be the case. The change of level 
in its sulphuric acid siphon(corrected by the auxiliary) did not 
amount to 0°2 millims., a degree of accuracy rarely attainable in 
these experiments. 


PROCEEDINGS 
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MEETINGS OF THE CHEMICAL SOCIETY. 


November Ist, 1860. 
G. B. Buckton, Esq., in the Chair. 


Rowlandson Cartmell, Esq., 81, High-street, Burton-on- 
Trent, was elected a Fellow of the Society. 


Mr. H. C. Sorby laid before the meeting several specimens 
illustrating the artificial production of Pseudomorphs. 


The following papers were read :— 


“ On the discrepancies in the statements of Pelouze and F, 
Mohr, respecting the solubility of Gallotannic acid in Ether,” by 
Professor Bolley. 

“On a hitherto unobserved source of Paraffin,” by Professor 
Bolley. 


The following donations were announced :— 


“ Jahrbuch der kaiserlich-kéniglichen geologischen Reichsan- 
stalt in Wien,” No. 4, for 1859: from the Institute. 

“ Jahrbuch der Central-Anstalt fiir Meteorologie und Erd- 
magnetismus in Wien,” Band VI; from the Institute. 

“ Denkschriften der kaiserlichen Akademie der Wissenschaften 
in Wien,” (math.-naturw. Classe), Band xviii. 

“ Sitzungsberichte derselben,” Band xxxix, Hefte 1-5, und 1-12: 

from the Academy. 

“‘Sitzungsberichte der kéniglich-baeyrischen Akademie der 
Wissenschaften,” (math.-physikalische Classe) 1860, Hefte 1, 2: 

from the Academy. 

“Bulletin de la Classe Physico-mathématique de l’Académie 
Impériale des Sciences de Saint Pétersbourg,” Tome 1, Feuilles 
10-36: from the Academy. 

“ Memorie dell’ Academia delle Scienze dell’ Istituto di 
Bologna,” Tomi 8, 9, e Parti I, del Tomo 10. 
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“Rendiconti dell’? Academia delle Scienze dell’ Istituto di 
Bologna, 1857-58, e 1858-59 :” from the Academy. 

“ Boletin de la Societa de Naturalistas en Nueva Granada,” 
1860: from the Society. 

“ American Journal of Science and Arts,” for May, July and 
September, 1860: from the Editors. 

“ Journal of the Franklin Institute,” June to October, 1860 : 
from the Institute, 

“Proceedings of the Academy of Natural Sciences at Phil- 
adelphia,” 1860, Nos. 6-12: from the Academy. 

“Proceedings of the ‘American Philosophical Society,” 1858, 
and January to June, 1859: from the Society. 

“Smithsonian Report,’ for 1858: from the Smithsonian 
Institution. 

“ First Geological Report of Arkansas :” presented through the 
Smithsonian Institution, by the State of Arkansas. 

“Canadian Journal,” July to September, 1860: from the 
Canadian Institute. 

“Memoirs of the Roya] Astronomical Society,” Vol. XXVIII. 

“Monthly Notices of the Royal Astronomical Society,” No. 9, 
for 1860: from the Society. 

“Quarterly Journal of the Geological Society,” No. 3, for 
1860: from the Society. 

“Chemical News,” Nos. 29-44: from the Editor. 

“ Pharmaceutical Journal and Transactions,” July to October 
1860; from the Editor. 

“ Journal of the Society of Arts,” Nos. 396 to 401, and 404 to 
418; from the Society. 

“ Journal of the Photographic Society,” July to October, 1860: 
from the Society. 

“Literary Gazette,” Nos. 105 to 121: from the Publishers. 

“Proceedings of the Literary and Philosophical Society of 
liverpool,” 1859-60: from the Society. 

“On the Lines of the Solar Spectrum,” by Sir David Brew- 
ster, and Dr. J. H. Gladstone: from the Authors. 

“On the Electric light of Mercury,” by Dr. J, H. Gladstone: 
from the Author. 
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November 15th, 1860. 


Professor Brodie, President, in the Chair. 


The following Gentlemen were elected Fellows of the Society :— 


J. H. Player, Esq., Oldbury, near Birmingham ; A. Norman 
Tate, Esq., Runcorn Gap, near Warrington; Francis Valentine 
Paxton, Esq., B.A., Christchurch Oxford; George William 
Brown, Esq., 131, Sanchiehall-street, Glasgow ; Henry Brunner, 
Esq., Royal Institution Laboratory, Manchester. 


The following papers were read :— 


“ On the crystalline form of Metallic Chromium,” by Professor 
Bolley. 


“ On the colouring matter of Persian Berries,’ by Professor 
Bolley. 
“ On the basic Carbonates of Copper,” by Mr. F. Field. 


Dr. Hofmann made a communication “On the Separation of 
the Volatile Ethyl-alkaloids.” 


The following donations were announced :— 


“ Om Sévandets Bestanddele og deres Forderling i Havet,” by 
G. Forchhammer: from the Author. 

“‘ Recherches sur les Rapports reciproques des Poids atomiques,” 
par J. 8S. Stass: from the Author. 

“ Du Raisin considéré comme Médicament,” par J. C. Herpin: 
from the Author. 

“ Bulletin de la Classe Physico-mathématique de )’ Académie 
Impériale des Sciences de Saint Pétersbourg,” Tome II, feuilles 
1-17: from the Academy. 

“ Quarterly Journal of the Geological Society, No. 4,” for 
1860: from the Society. 

“ Elements of Chemistry,” by William Allen Miller, Part IJ, 
*Tnorganic Chemistry :” from the Author. 

“On the Volumetric Relations of Ozone, and the action of the 
Electric Discharge on Oxygen and other Gases,” by Thomas 
Andrews, and P. G. Tait: from the Authors. 

“Chemical News,” Nos. 46-49: from the Editor. 

“‘Pharmaceutical Journal and Transactions,” for November, 
1860: from the Editor. 
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“ Photographic Journal,” for November, 1860: from the Photo- 
graphic Society. 

“ Literary Gazette,’ Nos. 122, 123: from the Publishers. 

“Notices of the Proceedings of the Meetings of the Members 
of the Royal Institution,” 1859-60. 

“List of Members, Officers, &c., of the Royal Institution,” 
1859. 

‘Additions to the Library of the Royal Institution,” from 
July 1859, to July 1860: from the Royal Institution. 


December 6th, 1860. 
Col. Philip Yorke, Vice-President, in the Chair. 


James Barratt, Esq., of Coniston, Windermere, Westmore- 
land, was elected a Fellow of the Society :— 


A paper was read : 


“ On a new Lead-salt corresponding to Cobalt-yellow,” by Mr. 
8. D. Hayes. 

Dr. Hofmann made a communication “ On the production of 
mixed Amines, Phosphines, and Arsines.” 


The following donations were announced :— 


“Verhandlungen der naturforschenden Gesellschaft in Basel,” 
th Theil, 4ter Heft: from the Society. 

“ Journal of the Franklin Institute,” for November 1860: from 
the Institute. 

“Journal of the Society of Arts,” Nos. 414-419: from the 
Society. 

“Pharmaceutical Journal and Transactions,” for December, 
1860: from the Society. 

“Chemical News,” Nos. 50-52: from the Editor. 

“Literary Gazette,” Nos. 125-127: from the Publishers. 

“On the large Blasts at Holyhead,” by George Robert- 
‘on, Esq.: from the Author. 
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December 20th, 1860. 
Professor Brodie, President, in the Chair. 


The following were elected Fellows of the Society :— 


Rev. W. R. Bowditch, Wakefield; John L. W. Thu- 
dichum, M.D., 65, South Audley Street. 


The following papers were read :— 


“ Contributions to the Knowledge of the Laws of Gas-absorp- 
tion,” by Thomas H. Sims. 
“On Sugar in Urine,” by Dr. H. Bence Jones. 
“ On the Separation of Tellurium, Selenium and Sulphur,” by 
Dr. Oppenheim. 
“ On Nitroprusside of Sodium,” by Dr. Oppenheim. 


The following donations were announced :— 


“ Abhandlungen der koniglich-baeyerischen Akademie der 
Wissenschaften (mathematisch-physikalische Classe),” Band VIII, 


Abtheilung 3. 

 Sitzungsberichte derselben,” 1860, Heft IT. 

“ Denkrede an Alexander von Humboldt, gelesen in der 6ffent- 
lichen Sitzung der k6niglich-baeyerischen Akademie der Wissens- 
chaften,” am 28 Marz, 1860, von C. F. P. von Martius: 

from the Royal Bavarian Academy of Sciences. 

“ Ofversight af Kongl. Vetenskaps-Akademiens Foérhandlingar, 
sextonde Argangen,” 1859: from the Swedish Academy of 
Sciences. 

* American Journal of Science and Art,” for November, 1860: 
from the Editors. 

“Monthly Notices of the Royal Astronomical Society, 
Vol. XXI, No. 1: from the Society. 

“ Chemical News,” Nos. 52-54: from the Editor, 

“Journal of the Society of Arts,” Nos. 420, 421: from the 
Society. 

“ Photographic Journal,” for December, 1860: from the Photo- 
graphic Society. 

“ Literary Gazette,” Nos. 128, 129: from the Publishers. 
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A. 


Acetic series, formule of compounds, 
belonging to, 244, 245. 

Acetoxybenzamate of barium, 240. 

— of calcium, 241. 

— of ethyl, 241. 

—— of lead, 241. 

—— of potassium, 239. 

— of sodium, 236. 

Acid acetoxybenzamic, an isomer of hip- 
puric acid, by G. C. Foster, 235. 

—— acetoxybenzamic, its relation to 
oxybenzamic acid, 248. 

—— amylsulphocarbamic, 61. 

— bibromosuccinic, on, and the arti- 
ficial production of tartaric acid, by 
W. H. Perkin and B. F. Duppa, 102. 

— biniodacetic, on, by W. H. Perkin 
and B. F. Duppa, 1. 

— carbonic, action of electric dis- 
charge on, 

— chloromaleic, 10. 

— chloromaleic, lead-salt of, 11. 

—— cinnamic, contribution towards the 
history of, by D. Howard, 135. 

— dinitrotoluic, 72. 

— gallotannic, its solubility in ether, 
325 

— hippuric, formulee of, 247. 

— hippuric, on acetoxybenzamic acid, 
an isomer of, by G. C. Foster, 235. 

— hydriodic, aqueous, of constant boil- 
ing point ; its composition, 160. 

— hydrobromic, aqueous, of constant 
boiling point: its composition, 157. 
~—— hydrochloric, aqueous, of constant 
boiling point : its composition, 156. 
— hydrofluoric, aqueous, of constant 
boiling point : its composition, 162. 
— nitric, aqueous, of constant boiling 

point: its composition, 147. 

— nitric: its action on bisulphochlo- 
ride of amylene, 45. 

— nitric, loss of gold in parting ope- 
rations, from its solubility in, 99. 

— nitrous, action of, on nitropheny- 
lene-diamnine, 51. 

— oxybenzamic, formule of, 247. 

— sulphuric, aqueous, of constant boil 
ing point: its composition, 154. 


Acid, tartaric, action of pentachloride of 
phosphorus on, by W. H. Perkin and 
B. F. Duppa, 9. 

—— tartaric, on bibromosuccinic acid 
and the artificial production of, by W. 
H. Perkin and B. F. Duppa, 102. 

Acids, aqueous, of constant boiling point: 
their composition, by H. E. Roscoe, 
146. 

Adie, R., description of an hermetically 
sealed barometer, 7. 

Aggregation, influence of, on circular 
polarisation, 259. 

Air, on the composition of, from Mont- 
Blane, by E. Frankland, 22. 

Allyl, behaviour of the arsines and ste- 
bines with sulphocyanate of, 321. 

Allyl-series, methylated phosphorus-urea 
of, 324. 

Allyl, sulphocyanate of, its action upon 
triethylphosphine 

Alumina, carbonate of, 90. 

Aluminium-ethy] and aluminium-methyl, 
180, 194. 

Ammonia, experimental illustration of 
its composition, in lectures, by A. W. 
Hofmann, 77. 

—— how to exhibit its inflammability,78. 

—— on the action of chloride of ethyl 
upon, by C. E. Groves, 331. 

Ammonio-chrome-compound, on a new, 
by J. Morland, 252. 

Amylamine, action of bisulphide of car- 
bon upon, 60. 

Amylene, action of nitric acid on the 
bisulphochloride of, 45. 

—— action of nitroxme (NO,) upon, 130. 

—— binitroxide of, 46, 130. 

Amylsulphocarbamate of amylammo- 
nium, 61. , 

Analysis, on chemical, by spectrum ob- 
servations, by Professors Kirchhoff 
and Bunsen, 270. 

Anniversary meeting of the Chemical 
Society, March 30th, 1860, 165. 

Andrews, J., and P. G. Tait, on the 
volumetric relations of ozone, and the 
action of the electrical discharge on 
oxygen and other gases, 344 

Antimony and arsenic, separation of, 79 

—— detection of, by electrolysis, 20. 
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Antimony organo-compounds of: their 

formation, 186, 189. 
their properties, 209. 

Apparatus for fractional distillation in 
carbonic acid gas, 121. 

Arsenic, detection of, by electrolysis, 14., 
338. 

Arsenic-compounds, organic: their forma- 
tion, 185, 190. 

their properties, 213. 

Arsines and stibines, behaviour of, with 
the sulphocyanates of phenyl and allyl, 
321. 

Arsines, not acted on by disulphide of 
carbon, 309. 

Assaying, on certain sources of loss of 
precious metal in some operations of 
by G. W. Makins, 97. 

Atmosphere, solar, chemical analysis of, 
287. 

Atmospheric air, action of electric dis- 
charges on, 363, 


B. 


Balance-sheet of the Chemical Society, 
1860, 171. 

Barium, acetoxybenzamate of, 240. 

spectrum produced by, 284. 

Barometer, description of an hermetically 
sealed, by R. Adie, 7. 

Barratt, James, on the carbonates of 
alumina, ferric oxide and chromic 
oxide, 90. 

Baryta, on the crystallised hydrates of, 
and strontia, by C. L. Bloxam, 48. 
Bases (phosphorus), contributions to the 

history of the,by A. W.H ofmann, 289 

Baudrimont’s protosulphide of carbon, 
by Lyon Playfair, 248. 

Bell, Jacob, obituary notice of, 167. 

Berries, (Persian), on the colouring mat- 
ters of, by Professor Bolley, 327. 

Bibromosuccinate of potassinum, 104. 

— of silver, 104. 

— of sodium, 104, 

Bichlorethylene, chlorosulphide of, 40. 

Biniodacetate of caleium, 2. 

—— of ethyl, 5. 

— of lead, 3. 

—— of silver, 4. 

Biniodacetamide, 6. 

Biniodide of trimethylstibine, action of 
zince-methyl on, 119. 

Binitroxide of amylene, 46, 180. 

Bismuth, organic-compounds of, 187, 204. 

Bistriethide, formation of, 187. 

Bisulphide of carbon, action of, upon 
amylamine, 60. 

—— of carbon in coal-gas, 85. 

Bisulphide of chlorine, its action upon 
ethylene, 36. 


Bisulphochloride of amylene, action o 

nitric acid on, 45. 
of ethylene, 37, 134. 

Bloxam, C. L., on the application of 
electrolysis to the detection of poison- 
ous metals in mixtures containing 
organic matters, 12. 

— on the crystallised hydrates of 
baryta and strontia, 48. 

- on the electrolytic test for 
arsenic, and on the presence of that 
metal in certain re-agents, 338. 

Bolley, Professor, on the colouring 
matters of Persian berries, and on cer- 
tain general relations of yellow vege- 
table dyes, 327. 

on the crystalline form of metallic 
chromium, 333. 

on the discrepancies in the state- 
ments of Pelouze and Mohr, respect- 
ing the solubility of gallotannic acid 
ether, 325. 

on a hitherto unobserved source 
of paraffin, 329. 

Brittle metals, crystalline forms of, 334. 

Buckeisen, F. and J. A. Wanklyn, ac- 
tion of sodium upon iodide of methyl 
mixed with ether, 140. 

Buckton, G. B., on the stibethyls and 
stibmethyls, 115. 

Bunsen and Kirchhoff, on chemical 
analysis by spectrum observations, 270. 


C. 


Cacodyl, 214. 

Cadmium and copper, separation of, 78. 

—— organo-metallic, compound of, 199. 

Calcium, acetoxybenzamate of, 241. 

—. biniodacetate of, 2. 

Cane-sugar, estimation of, by circular 
polarisation, 266. 

Carbon, behaviour of triethylphosphine 
with disulphide of, 304. 

— on Baudrimont’s protosulphide 
of, by Lyon Playfair, 248. 

— action of bisulphide of, upon amy- 
lamine, 60. 

—— bisulphide of, in coal gas, 84. 

Carbonates of alumina, ferric oxide 
andchromic oxide, by James Bar- 
ratt, 90. 

— of copper, on the basic, by F. 
Field, 

Carbonic acid gas, apparatus for general 
fractional distillation in, 121. 

— acid, action of electric discharge on 


— oxide, action of electric discharge 
on, 362. 
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INDEX. 


Chemical analysis by spectrum observa- 
tions, by Professors Kirchhoff and 
Bunsen, 270. 

Chemical Society, anniversary meeting 
of, (March 30, 1860), 165. 

— Society, balance-sheet of, (1860), 
171. 

— Society: proceedings at its meetings, 
92, 165, 369. 

Chloride of ethyl: on its action upon 
ammonia, by C. E. Groves, 331. 

— of lime, spontaneous decomposition 
of, 84. 

— of tetrethylstibine, 119. 

Chlorine: its action on the sulphides of 
ethyl and their derivatives, 45. 

—— bisulphide of: its action upon ethy- 
line, 36. 

Chloroplatinocyanide of potassium, 112. 

Chlorosulphide of bichlorethylene, 40. 

—— of quadrochloramyl, 44. 

— of terchloramylene, 44. 

Chromic oxide, carbonate of, 90. 

Chromium, on the crystalline form of me- 
tallic, by Professor Bolley, 333. 

Chrysorhamnin, 327. 

Circular polarisation, on, by J. H. Glad- 
stone, 254. 

— polarisation as applied to chemical 
inquiries, 266. 

— polarisation: its application to the 
determination of what is going forward 
in a solution, 268. 

— polarisation : its application to the 
estimation of organic products, 266. 
—- polarisation : its application to the 

examination of isomeric substances, 269 

—— polarisation, influence of state of 
aggregation on, 259. 

— polarisation, influence of chemical 
combination or substitution on, 262. 
— polarisation, influence of magnetism 

or electricity on, 260. 

— polarisation, influence of solution 
on, 261. 

— polarisation, influence of tempera- 
ture on, 260. 

—— polarisation, table of substances 
which exhibit, 256. 

— polarisation and crystalline form, 
relation between, 265. 

Coal-gas, bisulphide of carbon in, 85. 

Cobalt-yellow, on a new lead-salt, corre- 
sponding to, by 8S. D. Hayes, 335. 

Colouring matters of Persian berries, on 
the, and on certain general relations 
of yellow vegetable dyes, by Prof. 
Bolley, 327. 

Combination (chemical), or substitution: 
its influence on circular polarisation, 
263. 
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Compound radicle, definition of, 246. 
Contributions to the history of the phos- 
phorus bases, by A. W. Hofmann, 
289. 
Crystalline form of metallic chromium, 
334. 
——. forms of metals, 334. 
form and power of circular polarisa- 
tion, relation between, 265. 
Cyanates, behaviour of triethylphosphine, 
with, 322. 
Cyanate of ethyl: its deportment with 
ethylate of sodium, 70. 
Cyanogen, action of electric discharge on, 
a. 


D. 


Decomposition (spontaneous), of chloride 
of lime, 84. 

Deutoxide of nitrogen, action of electric 
discharge on, 361. 

Dibromide of ethylene, 65. 

Dichloride of platinum and oxide of tri- 
ethyl-phosphine, 

Di-iodide of methylene, 63. 

Distillation, fractional, in carbonic acid 
gas, apparatus for, 121. 

Disulphide of carbon, behaviour of tri- 
ethylphosphine with, 

Ductile metals, crystalline forms of, 334. 

Duppa, B. F., and W. H. Perkin, on 
the action of pentachloride of phos- 
phorus on tartaric acid, 9. 

and W. H. Perkin on bibromo- 
succinic acid and the artificial produc- 
tion of tartaric acid, 102. 
and W. H. Perkin, on biniodace- 

tic acid, 1. 

Dyes (yellow vegetable), on certain 
general relations of, by Professor 
Bolley, 327. 


E. 


Electric discharge, on the action of, on 
oxygen and other gases, by T. An- 
drews and P. G. Tait, 344. 

Electricity or Magnetism, influence of, 
on circular polarisation, 260. 

Electrolysis, detection of antimony by, 20. 

—— detection of arsenic by, 14, 338. 

on the application of, to the detec- 
tion of poisonous metals in mixtures 
containing organic matters, by C. L. 
Bloxam, 12. 

Ether, action of sodium upon iodide of 
methyl mixed with, by J. A.Wanklyn 
and F, Buckeisen, 140. 

—— solubility of gallotannic acid in 325. 

Ethyl, acetoxybenzamate of, 241. 

— on the action of chloride of, on am- 
monia, by C. E. Groves, 331. 
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Ethyl, biniodacetate of, 5. 

—— cyanate of: its behaviour with tri- 
ethylphosphine, 322. 

— deportment of cyanate of, with ethy- 
late of sodium, 70. 

Ethyl iodide of, 69. 

—— sulphides of, and their derivatives, 
action of chlorine, on, 45. 

—— and ethylene, behaviour of triethyl- 
phosphine with the sulphocyanates of, 
318. 


Ethylate of sodium, deportment of 
cyanate of ethyl with, 70. 

Ethylene, action of bisulphide of chlorine 
upon, 36. 

bisulphochloride of, 37, 134. 

— dibromide of, 67. 

—— monobrominated, metamorphosis of, 


68. 
Ethylene-hexethyl-diphosphonium, 320. 
Experimental illustration of the composi- 
tion of ammonia, in lectures, by A. W. 
Hofmann, 77. 


F. 


Ferric oxide, carbonate of, 91. 

Flames, temperatures of, 273. 

Formule, typical, use of, 246. 

Foster, G C. on acetoxybenzamic acid, 
an isomer of hippuric acid, 235. 

Frankland, E., on the composition of 
air from Mont-Blanc, 22. 

rm —— on organo-metallic bodies, 

177. 


G. 


Gas (coal), bisulphide of carbon in, 85. 

Gases, on the action of the electric dis- 
charge on oxygen and other, by T. An- 
drews and P. G. Tait, 

Gladstone, J. H., on circular polarisa- 
tion, 254. 

Glucinum-ethyl, 181, 194. 

Glycerin, on, by A. W. Hofmann, 70. 

Glycocol, formulse of, 247. 

Gold, loss of, in assaying, from volatilisa- 
tion, 98. 

—— loss of, in parting operations, from 
its solubility in nitric acid, 99. 

—— refining of, when alloyed with tin 
or antimony, so as to render it fit for 
the purposes of coinage, by R. War- 
ington, 31. 

Groves, C. E., note on the action of 
chloride of ethyl in ammonia, 331. 

Gun-cotton, spontaneous decomposition 
of, 76. 

Guthrie, F., on some derivatives from 
the olefines, 35, 129. 
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Gutta-percha, remarks on its changes un- 
der tropical influences, by A. W. Hof. 
mann, 87. 

H. 


Hadow, E. A., on the composition of 
platinidcyanides, 106. 

Hayes, 8S. D., on a new lead-salt, cor. 
responding to cobalt-yellow, 335. 

Hofmann, A. W.,. contributions to the 
history of the phosphorus-bases, 289. 

— miscellaneous observations, 
1. 

Howard, D., contribution towards the 
history of cinnamic acid, 135. 

Hydrates, on the crystallised, of baryta 
and strontia, by C. L. Bloxam, 48. 

Hydrogen, action of electric discharge 
on, 361. 


Idiotypes and isotypes, definition of, 35. 

Inflammability of ammonia, how to ex- 
hibit, 78. 

Isatin, on, by A. W. Hofmann, 76. 

Iodide of ethyl, 69. 

of methyl, action of sodium upon, 
mixed with ether; by J. A.Wanklyn 
and F. Buck eisen, 140. 

— of zine and oxide of triethylphos- 
phine, 

Isomeric substances, examination of, by 
circular polarisation, 269. 


K. 


Kirchhoff and Bunsen, on chemical 
analysis by spectrum observations, 270, 


L. 


Lead, acetoxybenzamate of, 241. 

— biniodacetate of, 3. 

organo-compounds of: their for- 

mation, 187, 189. 

properties, 205. 

— salt of chloromaleic acid, 11. 

on a new lead-salt, corres- 
ponding to cobalt-yellow, by S. D. 
Hayes, 335. 

Lime, chloride of: its spontaneous de- 
composition, 84. 

Lithium, spectrum produced by, 276. 

Long, C. E., on crystallised sodium and 
potassium, 122. 


Magnesium-ethyl and 
methyl, 180, 193. 

Magnetism or electricity, influence of, on 
circular polarisation, 260. 


magnesium- 


of- 


al 
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Makins, G. H., on certain sources of 
loss of precious metal in some opera- 
tions of assaying, 97. 

Mercaptan, behaviour of triethylphos- 
phine with, 302. 

Mercury, organo-compounds of; their 
formation, 183, 188. 

— —— properties, 207. 

Metals, crystalline forms of, $34. 

—— discovery of a new alkali-metal, by 
Kirch hoff and Bunsen’s method of 
analysis by spectrum observation, 287. 

— on certain sources of loss of precious 
metal in some operations of assaying ; 
by G. H. Makins, 97. 

Methyl, iodide of, action of sodium upon, 
mixed with ether, by J.A.Wanklyn 
and F, Buckeisen, 140. 

Methylated phosphorus-ureas of the 
ethyl and phenyl series, 324. 

Miscellaneous observations, by A. W. 
Hefmann, 51. 

Methylene, di-iodide of, 65. 

Mohr and Pelouze: on the discre- 
pancies in their statements respecting 
the solubility of gallotannic acid in 
ether, by Professor Bolley, 325. 

Monobrominated ethylene, metamor- 
phosis of, 68. 

Mont Blanc, on the composition of air, 
from, by E. Frankland, 22. 

Morland, J., on an ammonio-chrome- 
compound, 248. 

Morley, Robert Reginald Ingham, 
obituary notice of, 168. 


N. 


Nitrogen, action of electric discharge 
on, 361. 

— action of electric discharge on pro- 
toxide and deutoxide of, 361. 

—— behaviour of triethylphosphine with 
sulphide of, 302. 

Nitrophenylene-diamine, action of ni- 
trous acid on, 51. 

Nitroxinaphthalin, 132. 

Nitroxine, its action upon amylene, 130. 


0. 


Obituary notice of Jacob Bell, 167. 

— Robert Reginald Ingram 
Morley, 169. 

— George Wilson, 162. 

Observations, miscellaneous; by A. W. 
Hofmann, 51. 

Olefines, on some derivatives from the, 
by F. Guthrie, 35, 129. 
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Organic compounds: their constitution, 
231. 

—— matters, on the application of 
electrolysis to the detection of poison- 
ous metals in mixtures containing, 
by C. L. Bloxam, 12. 

Organic products, quantitative estimation 
of, by circular polarisation, 266. 

Organo-metallic bodies, on, by E. 
Frankland, 177. 

——— their constitution and theoretical 

importance, 227. 

—— their different stages of stability, 
228. 

—— their formation, by the action of 
the respective metals alloyed with 
potassium or sodium, upon the iodides 
of the alcohol-radicals, 185. 

— their formation by the action of 
the zinc-compounds of the organic 
radicals upon the haloid compounds 
either of the metals themselves, or 
of their organic-derivatives, 187. 

—-— their formation by the displace- 
ment of a metal in an organo-metallic 
compound by another and more posi- 
tive metal, 190. 

— their formation by union of the 
organic radical in statu nascenti with 
the metal, 178. 

—— properties of, 191, 

Organo-compounds of antimony: their 
formation, 186, 189, 

~——— their properties, 209. 

—— of arsenic: their formation, 185, 
190. 

—— their properties, 213. 

—— of bismuth : their formation, 187. 

their properties, 204. 

—— of cadmium, 199. 

—— of lead: their formation, 187, 189. 

—— their properties, 205. 

— of magnesium: their formation, 180. 

—— their properties, 193. 

—— of mercury: their formation, 183, 
188. 

—— their properties, 207. 

— of tellurium: their formation, 187. 

—— their properties, 225. 

—— of tin: their formation, 181. 

—— their properties, 199. 

—— of zinc: their formation, 178. 

—— their properties, 194. 

Oxychloride of triethylphosphine, 299. 

Ozone, not condensed at common pres- 
sures by the cold produced by a mix- 
ture of cold carbonic acid and ether, 
360. 


—on the volumetric relations of, by 
T. Andrews, and P, G. Tait, 344, 

Oxide of tetrethylstibine, 119. 

—— of triethylphosphine, 293, 
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Oxide of triethylphosphine and iodide of 
zinc, 296. 

—— of triethylphosphine and dichloride 
of platinum, 298. 

of triethylphosphine not reduced 
by sodium, 303. 

Oxygen, and other gases, on the action 
of the electric discharge on, by T. 
Andrews and P. G. Tait, 344. 

Oxygen: statement that the whole of a 
volume of dry oxygen gas can be con- 
verted into ozone by the passage of 
electric sparks, erroneous, 359. 


P, 


Paraffin, on a hitherto unobserved source 
of, by Professor Bolley, 329. 

Parting operations, loss of gold in, from 
solubility in nitric acid, 99. 

Pelouze and Mohr: onthe discrepan- 
cies in their statements respecting the 
solubility of gallotannic acid in, by 
Professor Bolley, 325. 

Pentachloride of phosphorus, action of, 
on tartaric acid, by W. H. Perkin 
und B. F. Duppa, 9. 

Perkin, W. H., and B. F. Duppa. 
Action of pentachloride of phosphorus 
on tartaric acid, 9. 

and B. F. Duppa, on bibro- 
mosuccinic acid and the artificial pro- 
duction of tartaric acid, 102. 

and B. F. Duppa, ou bini- 
odacetic acid, 1. 

Persian berries, on the colouring mat- 
ters of, by Professor Bolley, 327 
Phenyl, behaviour of the arsines and 
stibines with sulphocyanate of, 321. 
— cyanate of: its behaviour with 

triethylphosphine, 322. 

—— sulphocyanate of: its action upon 
triethylphosphine, 309. 

Phenyl-series, methylated phosphorus- 
urea of, 324. 

Phosphoretted hydrogen not acted upon 
by disulphide of carbon, 309. 

Phosphorus, pentachloride of, action of, 
on tartaric acid, by W. H. Perkin, 
and B. F. Duppa, 9. 

Phosphorus-bases, contributions to the 
history of the, by A. W. Hofmann, 
289. 

Phosphorus-ureas, methylated, 324. 

Platinidcyanides, on the composition of, 
by E, A. Hadow, 106. 

Platinum, dichloride of, and oxide of 
triethylphosphine, 298. 

Playfair, Lyon, on Baudrimont’s 
protosulphide of carbon, 248. 

Plumb-sesquiethide, formation of, 187. 


INDEX. 


Poisonous metals, on the application of 
electrolysis to the detection of, in 
mixtures containing organic matters, 
by C. L. Bloxam, 12. 

Polarisation, circular. (See Circular po- 
larisation.) 

Potassium, acetoxybenzamate of, 239. 

Potassium, bibromosuccinate of, 104. 

chloroplatinocyanide of, 112. 

—— on crystallised sodium and potas- 
sium, by C. E. Long, 122. 

—— spectrum produced by, 278. 

Potassium-ethyl, formation of, 190. 

—— properties, 192. 

Potassium-salt of chloromaleic acid, 10. 

Proceedings of the meetings of the 
Chemical Society, 92, 165, 368. 

Protosulphide of carbon, on Bau dri- 
mont’s, by Lyon Playfair, 248. 

Protoxide of nitrogen, action of electric 
discharge on, 361. 


Quadrochloramyl, chlorosulphide of, 44. 
Queretin, 327. 
Quercitrin, 327. 


R. 


Radicle, compound, definition of, 246. 

Re-agents, on the presence of arsenic in 
certain, by C. L. Bloxam, 338. 

Refining of gold when alloyed with tin 
or antimony, so as to render it fit 
for the purposes of coinage, by R. 
Warington, 31. 

Report of the President and Council 
(1860), 165. 

Rhamnetin, 327. 

Roscoe, H. E., on the composition of 
the aqueous acids of constant boiling 
point, 146. 

Rotatory powers (optical) table of, 258. 


s. 


Silver-salt of chloromaleic acid, 11. 
Silver, bibromosuccinate of, 104. 
—— biniodacetate of, 4. 
Sodium, acetoxybenzamate of, 236. 
—— action of, upon iodide of methy 
mixed with ether, by J. A. Wanklyn 
and F. Buckeisen, 140. 
—— bibromosuccinate of, 104. 
—deportment of cyanate of eth 
with ethylate of, 70. 
on crystallized sodium and potas- 
sium, by C. E. Long, 122. 
spectrum produced by, 275. 
Sodium-ethyl], formation of, 191. 
—— properties, 193. 
Solar atmosphere, chemical analysis of, 
287. 


INDEX. 


Solutions, application of circular pola- 
risation to the determination of what 
is going forward in, 268. 

Solution, influence of, on circular polar- 
isation, 261. 

Spectrum of incandescent gas, mode of 
reversing, 237. 

Spectrum produced by barium, 824. 

— by calcium, 281. 

—- by lithium, 276. 

—by potassium, 278. 

——by sodium, 275. 

Spectrum-analysis, discovery of a new 
alkali-metal, by, 287. 

Spectrum-observations, on chemical ana- 
lysis by, by Professor Kirchhoff 
and Bunsen, 270. 

Stannic organo-compounds: their for- 
mation, 182. 

—— their properties, 200. 

Stannous ethide and methide, 182. 

—— organo-compounds : theirformation, 
182. 

— — their properties, 200. 

Stibethyls and Stibmethyls, on the, by 
G. B. Buckton, 115. 

Stibines and arsines, behaviour of, with 
the sulphocyanates of phenyl and 
allyl, 321. 

— not acted upon by disulphide of 
carbon, 309. 

Strontia, on the crystallised hydrates of 
baryta and, by C. L. Bloxam, 48. 

Strontium, spectrum produced by, 279. 

Substitution or chemical,combination: its 
influence on circular polarisation, 262. 

Sugar, estimation of, by circular polari- 
sation, 266. 

Sulphide of nitrogen, behaviour of tri- 
ethylphosphine with, 302. 

—— of terchlorethyl, 41. 

— of triethylphosphine reduced by 
sodium, 303. 

Sulphides of ethyl and their derivatives, 
action of chloride on the, 45. 

Sulphocyanate of allyl, its action on 
triethylphosphine, 315. 

Sulphocyanates of ethyl and ethylene, 
behaviour of triethylphosphine with, 
318. 

Sulphocyanate of phenyl: its action upon 
triethylphosphine, 309. 

Sulphocyanates of phenyl and allyl, be- 
haviour of the arsines and stibines 
with, 321. 

Sulphocyanate of triethylphosphonium: 
its deportment under the influence of 
heat, 321. 

Sulphur-ecompounds, behaviour of tri- 
ethylphosphine with, 300. 
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Sulphuretted hydrogen, behaviour of 
triethylphosphine with, 301. 


T. 


Tait, P.G., and T. Andrews, on the 
volumetric relations of ozone and the 
action of the electric discharge on 
oxygen and other gases, 344. 

Tellurium, organo-compounds of; their 
formation, 187. 

— their properties, 225. 

Temperature, influence of, on circular 
polarisation, 260. 

Temperatures of flames, 273. 

Terchloramylene, chlorosulphide of, 44. 

Terchlorethyl, sulphide of, 41. 

Tetrethylstibine, chloride of, 119. 

—— oxide of, 119. 

salts of, 119. 

Tin, organo-compounds of: their forma- 

tion, 181. 
their properties, 199. 

Triethylphosphine, action of sulpho- 
cyanate of allyl on, 315. 

—- action of sulphocyanate of phenyl 
upon, 309. 

—— its behaviour with cyanates, 322. 

—— its behaviour with disulphide of 
carbon, 304. 

—— its behaviour with mercaptan, 302. 

—— its behaviour with sulphide of 
nitrogen, 302. 

—— its behaviour with sulphur-com- 
pounds, 300. 

—— its behaviour with the sulpho- 
cyanates of ethyl and ethylene, 318. 
—— its behaviour with sulphuretted 

hydrogen, 301. 
oxide of, 293. 

— oxide of, and iodide of zinc, 296. 

—— oxide of, and dichloride of platinum, 
298. 

—— oxychloride of, 299. 

—— preparation of, 290 

—— reduced by sodium from the sul- 
phide but not from the oxide, 303. 

Triethylphosphonium, sulphocyanate of, 
its deportment under the influence of 
heat, 321. 

Trimethylphosphine, 323, 

Trimethystibine, action of zinc-methyl 
on biniodide of, 119. 


Typical formule, use of, 246, 


V. 


Vegetable dyes, on certain general rela- 
tions of yellow, by Professor 
Bolley, 327, 


880 


Volumetric changes which oeeur when 
oxygen, contracted by the electric dis- 
charge, is brought in contact with 
other bodies, 352. 

Volumetric relations of ozone, on the, 
by T. Andrews and P. G. Tait, 344. 


Ww. 


Wanklyn, T. A., on zine-methyl, 124. 

——and F. Buckeisen, action of 
sodium upon iodide of methyl mixed 
with ether, 140. 

Warington, B., on refining gold, when 
alloyed with tin or antimony, So as to 
render it fit for the purposes of coin- 


age, 81. 

Water (saline) of Christian Malford, near 
Chippenham, analysis of, by A. W. 
Hofmann, 80. 

Wilson, George, obituary notice of, 
169. 


INDEX, 


x. 


Xanthorhamnin, 827. 


Y. 


Yellow vegetable dyes, on certain general 
relations of, by Professor Bolley, 
327. 

Z. 


Zinc, iodide of, and oxide of triethyl. 
phosphine, 296. 
organo-compounds of: their pr- 
perties and reactions, 194. 
Zinc-amyl, formation of, 180. 
Zine-ethyl, formation of, 178. 
Zinc-methyl, action of, on biniodide of 
trimethylstibine, 119. 
— on, by J. A. Wanklyn, 124, 
—— formation of, 180. 
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